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(54)Titlc: NITRIDE SEMICONDUCTOR DEVICE 




A nitride semiconductor device such as a light emitting device in which an active layer is formed between an n-type semiconductor 
region consisting of one or more nitride semiconductor layers and a p-type semiconductor region consistmg of one or more nitride 
semiconductor layers, characterized in that at least one of the nitride semiconductor layers of the p-type semiconductor region or the n-type 
semiconductor region Is a super-lattice layer consisting of layer-built 1st layers and 2nd layers made of nitride semiconductors whose 
compositions are different from each other. By the above mentioned construction, the operating current and operating voltage of the device 
are lower and the efficiency of the device is improved. 
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Xltm^o -^tz. 'USP 5. 1 4 6. 4 6 5-§-{r(iS14jl^A 1 xG a, 
-xN/A 1 yG a i-vNct t^nj^ ^ 

nTl^So Z(Dl^mhm1^'^tmmitA l G aN/A l G aN^l^-t 

$'^>{:> 10 13 8-^. #§^¥5-1 10 13 9-^4i^t^ 

ammcDA l N<hGaN<!:^^»UTA 1 vG a , -vNC^ig^^f 
i2«$nTl^6o RlfT^O?S^jtOA 1 yG a ,-yN©zgH^^'fi 

^^^'X h o-A©MI?©A 1 N> G a N^&^il-r 
T-^-pT*:i^B^©S^t<i:li^^d:^o I n G a N ck *5 ^j: -SSM^W 
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1511 6-26825 l^<^mTltG aNt I nG aN. li 
InGaNchlnGa N t^mM b/c^*«?#F:^sg©Stte^W-r ^ 

tfz^ 'is^m]^ji^(om^mii^^mt-t6m^ii. ^^§^¥2-2 8 8 3 7 

1-^^^ (^H#fF^5. 0 0 5.05 7^) (cr?S^$nTC^S*\ m^2:m 

{cr?g^$nTl^^i®t&?»i±. b pgic a a i nm tom^j-m-^^^ 

$ i^{12is:^H^O^^T-(* I n G aNO«j:-5^j:> £i>''<J < cii^s'f 

I n G a NSttSJi^O K^> 7"J^twU^-*VJx$ < M^fb^fe/^^^^^T 
©•^ttJii lift t>3ibT 1^-5 o ^Otzib I nxG a,-xN<i:. A 1 yG 
ai-YNJ:0^i:-Si®tS^S^. SttS^^ElS^aS bXJBgSc-^'S i . 

f^^iir-BC <!=*^i:-#'l> (^JteJ^II2®M^kife/^#<*^^fCilffl) o $'^>{' 
I nG aN(iMH^©ttM*-^ftfeOA lGaN©J;9''i:Al ^^trM-fb*^^^ 
Wlzit^X^h>i)^i'^(DX\ I n G a N^SttS<b-r^ <tx ^jfUyr^M^b 
^ v^iJ^AOlZ < < /.J^o i£{CA 1 G a N©<J; o ^X^-fk*^ 

A 0 ^-r < i> iifS] c ^ s o 

$ ^C:*:^Ji?&Sl -C-Ji. pm^>^^ h«6©M»^5 OO^T^i^^'x 
U< {i2 0 0^>^^'X ho-AKiTCia^f Sdi^^S^L/l^o ^X-tf^-i^. 
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2i±. i¥iiEL/Cck9{w. 1 ombtl^*^*^? (LED^^) 

G a ,-xNJ; O^jr-Bmi ©li^ A 1 yG a , -yN J; «9 ^.C 511 2 <i:*-<« 

C^ii^^ K4^> -y I nxG a ,-xN U < (iG a 

Net fp^dl^^l Ojl^*^®(3UTp«^<t1^ili-r5ii<i:-ra C i^-^if ^ 
U<. cn{lJ:oT. pmSi©^ft!feiSin;*-</h^ <7^.j:'9*fS ^ -y 

^ijm^ti^o z.nit^<> F4=> -y^J^^wu^^-^-^/jN^l^B 1 cDMcDyjibK 

fe'S*^t>T•^>5o ^^H^Tii. p#milij©¥^^*^1^2 5 H::. ± 

^(Dpm^^ y FSS.a^P^ij=3 ^i?' ^ hjiiiinopMg^kil^^*^*®^^ 
"^cJI^^-r^ii^Ji. SpMM^b'^^S{*S^^t&TS-c-«^UTt>J;t^o 
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hms^m^^mt-r^m^it. m^i-£. s i . g emcDnm:^ 

^TOck 9 T'ilHEMT (Eigh-Electron-Mobility-Transistor) 

y { (undope) : iilT. F-^^nT^/^n^l^t^ll^T > F-:/<t 

^Snb/cSi, T> F-7°OJli:©-%7"n^^|^®T\ /< > F^-r 
ffliJ©!!^ (1 0 0^>^'x hn-A) ili^©^M{w«^ (-(^>J7£«?#x) 

mo^^mmMi^ 2 O Hznm=i ^ h SS.C>' n ^ 5 y FSJeZ^O n M 
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KE©i:9(i^ Bl ©Ms M^Oiit-S i ^ G e^©nM^|!6«^^ K— T^U 
^ K4=> yZfJ^^Jl^^-tf^i^^l^A 1 G a NX'imn^^tl^o A 1 G 
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^m^mi^-t^'t^xcom.im^mwmtxvm.mm'^k^m-t^ z.t^mM 

nkiz. :^mMizgh^mmmm2iz-z>i^xm.m-t^o 
mtrnmrn ci^-^it(D^m:^\^izmm.fmm:> x$>io. mmitm^mw 
m<D'^mmii$(.2 0 2 (nfflijn nbi 2. y '^m±mi 3. n 
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mii^ 2 5 2 (4^ + -y -fm 1 7 . pmyttf-( Kii 1 8 > p ffliJ^ ^ «y KM 1 
9S.^^p{|iJ='>r5'^ HS2 O^^^ncSo ) <b{l J; r>Ttl5lS^n/cg'fti^^ 

So 

0 2{c4o^:^SntJ^5 -y K« 1 4 <&i@=t§^lit:'5Bfi£ *^op^mffla©^ 
^(*^I^2 5 2{ifci:tSp{|iJr^^ -y F«l 9<&^*&^MT0^f S- <^»=^ 

:7 tSI 1 <!:m2©^<«y ^ r«l 1 2 UT n 3 >f ^ h»l 2*^?^ 

5 -y KM 1 4Ra'n#j7fe^v Kii 1 s^^ai^nx. nmm.mo)^mmM 

0 2ibm^^ti^o i^. ^5 -y i^I5*±jil 3®i35iliJCIfm$n/cn<|iJ 
^ hS 1 2©^®{:i(i^ti^'n> nfflijn >^ ^ 1 2 i:^- ^ >y 

^ K«l 5±cM^I:^^«(**^'^>^j:sStt;il 6*^?^5Jc^n. ^t>c^S 
^mi 6±iz. y-^mil. pMitiJ'^ h^mi 8. pffliJ^^-yKSl 

9S:a^'p#]=i>i5'^h^20 ^ nx p 252*^ 

BB5c^tL-E>o $b>tc. pfflij3>;j'i? hS2 0±{cmp#J=3>^^ hii2 0 
^?IJX.{i\ ^-Ti'-^'VT^^ >^'fflOpffllJ/^°-y K«@*-^ff^5Jc$n'Bo ^cifc. 
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'^iz. mmj^m2(Dmim^^mi^m=P(D^mmmmi''oi^xnm-r^o 
mui 0) 

^■^yr^T. ^(Dm. Xb°^s;l/ (MgAl 20 4) O X O fimB^(OmU 
©ftks S i C (6H. 4H. 3C^#tr) . ZnS. ZnO. GaAs. 

(^y<yy-rmi 1) 

^^-y^rSl Ki. ^J^Ii'A 1 N. G a N. A 1 G a I n G a 

muomm^izji-^xit'^m-t^z t ^'^mx^^o 

(im2(Dy<yy tMI 1 2) 

m^io^muxj5^S:^-^fzmi^^B<Dm^m^^mi^^iof^^mx$>io. ^<'y 

7 rSl 1 2{i^j^{i* I nxA 1 yG ai-x-vN (0^X> O^Y. X + Y 
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K-yX'A 1 (YM) *-<0. lJiZT©A 1 vG a ,-yN. ftt>iift L< {iT 
> K--^OG aNi-r^o -r^«i:t>-6>. C®J;-5/i:mfiJc{-^'5-<!:CcI;*9s 
^2®^<-y:7r^l 1 2©^B^&<&^< T^. ^ <a>tr||2 «y "7 t« 1 
1 2^t:^ K-y©G aNT-J^gJo-r^Cifick'^s «*>*irBtt*^M<.^m 2 
(D^<yyTmi 1 2^?^g)cT'$^o t/i. C®n^=i>:J^^ hill 2 Itm 

:S$-tir^c ch^^-^^t-So -r-fit*-^. vrm^cDnm^y:^ ^ hsti. 

HT-^'So ::0^i6n{|iJ/<-y :7 rSl 1 2 ^J^fifef S - ch/j: < nffiyn >^ 

< 0 . 5 mjii±. at)$f^u<i*i// mjii±> 2 0m m&,r\zm^-r 

ntJ=i >^ 1 2cDi^^i4®[Sl±*^fe^ <9MJ6/j:i^o */::2 0 jumJ; 
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2©^<'y7rjii 1 2X'mt<]tt<^^^ < v-^mi-o^mw^±-9^o 
^ch\z\y-^it<Dun^t^w>2(D^<^yy tMi 1 2n-v]i:i3^^x^ mmW' 

('GaN> s i c. znom(Dmn^mm.^mmbfzm'^izit'^mvx.i> 

(nffliJn^iJ'^ hill 2) 
jlT*>0. ^?iJx.li\ Si F-7°®G aN*^^>^j:^9 0. 2/^mBl±. 4 mm 

^l^i^©|gffl{i 1 X 1 O^'/cm^—l X 1 0 2^/'c^l3©lEffl^ ^ ^IzWt b 
<{i. 1 X 1 0'«/cid3~1 X 1 0'^/cm3{r|^S|-r^C<J:;&<M^ bt^o 1 

tnz<<ti:^(ox^ ]^—*fm'?'xitmmmm..mK(oi&Ti)mi6'r. ix 

1 0^Vcid3J:«9 t>:^^l^<h. ^^Si*© U - ^m^3{>^^ < «9 > ^ 

hmi 2{wfcl^T{i. nm@2 3 <hO:t- i -y < 
<^(omm^. n ^ -5 -y K» 1 4 0 ^5^^ < -t^ z. ti)<mt Ul^o 
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nm^>:$' ^ hmi 2{tmmzG aN^ s i znom<Dmm^mwL^ 
)\^^-t'^mi.^'m\o^mt%2o^mtti<'mM^tixfi^m^'^mm.t. vtz 

-I -J ^i)mi^tlhnmM.2^0PimthX{ih\ , Ti, W. Si. Z 
n. Sn. I n^©^M^U< li^^*^^{f t>tiSc 
^/c. nMn Vi^i^ h® 1 2^^$i6tlMlg;&^Pnf^j®t§^M<i:-r^::«t 

So 

(i^^ i7V5±mi 3) 

i^EJ^ihiil 3 {is ^J^li\ S i ^5 x 1 O'^/cm^ K-^L^ I 

no.iG a o.9N*^'^^<C<9. ^Jx.(i\ 5 0 0 > i^^'X h o - AOMI¥^Wt- 

\t\nG a N<&fiJcS^ii-TJ^55c-r'SC <i:{l<^'9. ^©±{c?f^fi5c$ tiS A 1 
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fzumz^&t-^^nm^ ^ -J Kill 4^M*&?S<i:-r'5ii^{w{i=^lllSU 

(nMjSt&?*-t>nj:i.nfiiJ^^ Kg 14) 

2G ao .8N*^^,/J:<9> 2 0^>^"x h o- A©Mff^Wr^M 1 
-BLV^ry K-7°©G aN<t 2 0^>i:''X h d - A©Jgl?<l:W-r S 

m2 0M<i:;6-<3S5{iaji^n/cM^STaJ:'9^<i ^t^T^JX-l^ 0 . 5 

A 1 ^^t?MM¥^{*:. i?*b<{iA 1 G SiN^jSL^-^^^:^ ttm^ 
U<. 1 0 0:t>'^'X ha-A2i±. 2A^miiiT. ^ t>{r$f ^ b < 5 0 

(ndO^TVV KSl 5) 

n«iJ3t7y-r KJll 5{i. -^J^ti'. S i ^5 X 1 0*Vcin3 K-'T'L/cnM 
GaN*^^ni:«9> 0. 1 /zm©Mff^W-^^o C ® n«;^--r KS 6 Ji. 
•/g^Ji©3fey^V KSi LTfPffl U> GaN. I n G a N<&fi£S$ii:T?^fi£ 

b < 1*2 0 0:t>^'X h o-A~ 1 /zmOMIp-CEJcS^-tirSo '"a*?. C© 

38 



BNSDOCID: <WO_9B31055A1J_> 



wo 98/31055 



PCT/JP98/00025 



KSl 5li. T> K--:^©M^l:«^¥S(*#34^b< {iT V F-yog^b'^ 
1 6 ) 

•StiSl 6{i. ^Jx-{f> S i ^8 X 1 0» Vcm^T- K--rU/c I no aG 
aosNctO^iO. 2 5:^>:5''X h D-AOl^Jf ^Wr^#F^<*:. Si 
^8x1 0' Vcm^ V'-yi^fz I no.osl G ao.9sN J: «9^<J: ^9. 5 O^^^'' 

mm^m-r^0'mm=¥-^wmm. (mqw) -e^sic-r^o -sttiii 6{ri^t^ 

#P^©l5${i^ 10 0^>:rx hn-AgiT. if ^ U < 7 0 ^ ^i^'x 
mom^ltl 5 0:t>irx ha-AKiTx if ^ U< 1 0 0:^->i>'X ho 

9-148678 -^^$8 (*H#f^m^ 08/743. 729 #§fl^ 
9-1 4 8 6 7 8-%^S^<!: LTtbM L/c t>©t:S> -So ) {wfcl^T^?^^L 
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:'s:#t^. -e^yx-l^. Mg^l X 1 O'^Vcm^ K-^b/cpMA 1 0.3G ao.7 

-•/LT^+ UT*^«{i$tiyr i Mi LT fcMl^o P^'J^i- -y-/® 1 7® 
^ U < (13 0 0:^>ir'X h n-AiaiTfCH^-rSo 0. lAiinck«9 

1 G aN^il<?gg£t-'5S. LD^^ti^^U^-r < ^ii-So YM 
*^0. 2icX±(DA 1 yG a i-YN-C^>tlli*5 0 O^TVil^'X hn-Al^ZTCIS 
^-r-s:: bt^o p{|iJ4^i"y 1 7®MI¥©TI^(i#twlS^L^j: 

(pa'm:^''l' KSl 8) 
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m^\t. Mg<&l X 1 O'^Vcm^ K-^ L/c pMG a N J: ^9 
flKi. 0. 1 ;Cim©J^^^W^§o c©pfiiJ^:^X FS 1 8 SttS 1 
6 ©^:^'-r KM <i: UTfPffl n FS 1 5 <t|5) b < G a N. In 

G a NT'5£S$-li:TJg^-r'5 w i*^^^ Ut^o CCDMIip0Ji? "5 

Fiil 9^^S$-a-^^©^<-y :7 rSt LTtjfPffl 1 0 0^>:/X h 

W-'Cm.^^^^^tK^Ki. ^ Lt^7fe757V FMch LTf^ffl-r^o -Op 

{iiiTtT^^ Ym\tmn\tugm(o r^m'^'^m^ F-yuTpm©*«M<t-r 

©»©^^n£< th-l5\:ivm.'^'i^m^ F-y UXt t/cT> F- 

(pfi'J^^ Fill 9=M*&^®) 

pffiOi>-7 >y F«l 9li. ^Jx.(i\ Mg^l X 1 O^Vcm^ F-T'U/cpM 
A 1 0.2G a osNck 2 0:^>^"'X bu-A^MiP^W-T 

'^miO^i. ^?iJ;tli'Mg^ 1 X 1 O'Vcm^ F-T'U/c p^G aNJ:';^^: 
2 0:^>i>'x hD-AOMIi:^=t-^>5^2©/ii*^35S{::aS^ti/c 
t>nf C © p fflij ^ 5 FB 1 9 lis n fflij ^ >y FH 1 4 till 
D<^-\' U T^l;iAJ6M<h LTfPffl 4^{ipMji©ffiiit*^i£T^-tir'S 
/•ci6©B<i: UTf^ffii-^o C©pffiiJi?5'y F® 1 9 ©MIS ^>#I-Pg^ U/J: 
1 0 0^>^'X hn-AJS^±, 2nm\>XT^ ^ CfFt L < 5 0 

(p{lij:3 ha2 0) 

p<Rij=i>iJ'^ hji2 0lis pffliJ^-7>y F^l 9©±{;s ^J;t{^. Mg^ 
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2 X 1 O^Vcm' F-^b^cpMG aNJ^'Ofl'O. ^Jx.if> 1 5 O^j-^ 
^'7, hn-A©)^If ^WT'So COpffliJ^iViJ'^ hg2 OlipM® I nx 
A 1 vGai-x-vN (O^X. O^Y. X + Y^l) -cm^-r^Zti^-C^. 

J5^5 0 O^Vi^'X hn-Aii>lT. $ '^t::*?^ U< {^3 0 O^ryr^ hn 
fj:^>. ±JEU/cJ;-5tri£in:^*^I^Q • cmJS>Uit>$)5pMS^I:tl^^(*M 

l©»<i:^2©®<t^«ab. ^l+m2+mi+^2+ ♦ • • <hC>9 

pm®2 l©«i|54<i: bT(i. ^J;ili*N i . P N i / Au^^^lf 

*^M5^®.2T'{i. E12{r^-rJ:-pCp«#2 1<i:. n«^2 3 

JBg£$tt. CCD^#)^2 5{C}^fi)c$ti^c§gPSj5<&^ft-bTp«@2 1 
6^{r^^$tL/cp^N°>y F«@2 2. S.t>'n«@2 3 <i:S^^$n/cn^N°-y K 
«^2 4*Wfife$n^o c©p/<«)/ KmM2 2{i^SS*J^j:p«®2 1 
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^m^mn&.T commit vxmm^tifzm^'^mt:-^^. *s^t4©J:^'^p 

< "9" -S C i: ^•'T' ^ o 
^fc. *^mJB^,2©M^k«t^3^*i*m^T(ipMA 1 yG a 

AOT<h^<5l^^-^'5C<i:{lct «9s ^Mfi^CpdiJri h®2 0®+-f 

ii-'5Iu{w. B2®^<>y7T/il 1 2^^iX.Tl^SO-e\ m2(0^<yy rM 
1 1 2®±{C5JcS$-tir^S<btl^*f*g®*gB^Bte^^< T-^. S^^O^ 

:^mmmM2(DLDm^'Cit I nG aN©«J:-9^J:x ^i^^J: < ifc-T 
>'v^'i7A<^^t?S'fl:iK?I^*(*^SttMl Qizm^^m^iZl-X^ I nxGa, 
-xN<fc> A 1 yG a i-YN<i:*-<3SS:(i«S^n/;^a^&^ji^, -Sttjue^^ 
mt^-r^m inm^'p >y KJII 45.a^p{|iJi?^-y FSI 9) <J:LTffll^^ 

-faL^j[.:¥-m. mmmm^i^^ <x-^^tz}6. ^M^^^s^u-ifm^ 
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n G aNli*g^£Di4H*^ftfe©A 1 G a NO J: 9 A 1 ^^trM-fb 

ti^Bp ^yzfmil p ffliJ4^ -^B 1 7 ct 0 hr^^mf}^ 

^mtlfz&.miZ^ pflJ^i-'y^Ml 7 ct *9 t>/<> K4^> -y 7'a:.^>>'U4^'-*-< 
/h^i^pfiij^T!?^ KSl 8 ^15 ft. ^©p^jTbT^/V Kill Set ^9 *>^tiS 
*^^^n/cfi[ffi{c. pfflijTfeTi/W KBl Set 0 %^<> K4^> -y^^^^^c^^ 

^p{|ij^^ -y KSl 9^iS{:f^::i:ll#^^{rif* b^,^o U*^t>pffi|J^i' -y 

A^nfzm^i}\ c©pfflij^+ .yT*!! 7-epj.ih$nTRSDiAi6^>tL. 

'So 

n^mi|ijOiii^(;^M^2 0 2 {r/J>fj: < cb t 1 »W LTl^n^^^ < . ^/::p 

(lU. fniEi^t&^@(lp*«ffiijO^^{5^M^2 5 2{i5f^fi£t- 'Si^^d^i' 
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%mmm 2(om=s-t nmom^^. led m-i^mmx^ ^z.t\t\.^o^ 
pmmitm'=^m^mmi^(D^m^^ '^i^i&m.m.it-t^z. tt<x^ ^(Dx\ 

®CN i i A u J; *9 -S p 2 h ^ :/t«t(l?KfiJc;$ tlx C©p« 

:^2 1 bT^:&^^^^^CnffllJ=I ^ hii^mtti^iirT. ^On#J=3 > 
^ hS^®®(a:(t':^®(Cn«®2 3 ^I5{:i-Tl^'5o COiL-pfl. 
S:E^fflt^/=it^p«M2 1 cDra5{|iJ{r:^:&*f^^{rn«@2 3^IS{:^^«Jt 

{i. mmm]E^i&<'t^±xt^mzm^^]xh^o 

i^xmrnLtzmmm c^mmm) trs i Oz^t i 02«i:<97^«i:^mm(*^» 
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c^5o SIT. m3^mmiyX-^mM(Dnmj^m3K-Di^xmM'r^o 
-rr^ X t°^yK sic> Si. GaAs, Zn omom^^ti^mu 

11 Si ¥--:^nmG a NJ^^ti:s>^< Tmx^i;). :^mm^m 

1 4lix Kd-AOS i K-^nMA 1 0.2G 

(undope) GaNS 2 ®M<l:i^^*{*S) ti)<^-K\Z 1 0 0 Mm 
m-^tiXfi.^mi^l'mm.OTim^ y KJi^^-To :*:^M?^S3T{i. 
n{|rj^^«y KM14li. t>ltn^ti[g{Cjgfi£ LTl^ao 

1 5 IS. n#Ji> ^ KS 1 4 1 6 (hoPa^ti* <9 . nfUJi^ 5 

Kll 40A 1 0.2G a osN^J; <9 -y T'^^fWU^^'-^W 

lii±©n<iJ/<-y7rSl 1. nm^^y K» 1 4 nfflij7fe77">r K» 1 
1 6 IS. M)P:3 0:^>rx h n-A© I no.2G a 0 sNct «9 
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X ha- A® I no.osG a o . 9sN ct 0 ^j: -SI^MJi 2« <i:*^32S(w-^ff 5 S 

g F-7°pMA 1 0.3G a o tN^ pfflij^-f -yyji^^-ro dOp^lO 

18 IS. pftiji^^ -y 1 9 <i:. SttSl 6 <i:©rB^C^>!9> P#J^^>y 
F® 1 9©A 1 0.2G a o.sNci <9 ti/J^$C^^<> F¥+ -y t'j^^I'WI/^^-^W 
-r-S. ■^J^{fT> F-^G aNJ: <9/i:^ p{|ij7^--r Fif^^-To 

ACDMg F--/PMA 1 0.2G a o sN <t:Mlp:4 O^f^i^-'X ho-A©T> 

F-T" (undope) G a NaiT&^^ssci 0 0 Mmm^tixu^m^'^'mm. 

2 Oli. ^mi^^ -y FJil 9©A 1 0.2G ao.sNcfcO F4^> 

h H^^-To &,±<D p -y 1 7 . p ffiiiTtTy -r Fii 1 8 > vMi^y «y 

FSl 9Sa'p#j3 ^rJ'i^ h®2 0{cj;^TpSmffliJ©^*<*$I^2 5 3 

zcDj:r)iz:^mm(DmmWrm3(Diy-^m'?it. g awssi o o©± 

pffi'JrJ'^ «y F« 1 9*^'=>±©g'^k^^^^{*S{Ifcl^TX h 5 U 

v'^-^ff^fijc^ti. u y i^m^mz^^pmi^i hS2 ooi^is'^scp 
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3ltnm^<yy rMl 1 ©^®{C?^^^nTl^-5*^. mUtLXiJ^G aN 
S^l 0 0^ffl<'^■tl^'5©•T:\ n«@^J^B£^Sg5:5^^G aNS^l 0 0 

G aNS^l 0 OOMCnm^^&JBfijcUTlWl— ®#J(wpm@«i:n«M<!: 

mm2 stmm^ti. nm®2 3t^ymm2 i±oi&mm2 5omoni^ 
^-r^^^'cog^LW^i^M^-^p^^^'iii^w-r^- <i:<&«i*-r5 

:$:^BJ®||MBffi 3 © L^-if H 3 {l:^-rS14fi 1 6 ©TSBC 

*i*a<t> ^l©g«^*(*«J:0^5^<>K4^> .y7'Ji4'WU4^'-©'h^ 
/j:ll2©g'fl:i^^*{*S<!:*<M$nTnj:'Se*S?«ii©n#J:?^ >v K)l 
l4^WLTl^-Sc -^-e. Mfe^e^«fi£-r^^l©M^t»*(*«. 
m2©M'fk2^^*i*l©M)*{*l 0 05*->^x h a-AJ^T. $t>{-»^ 
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D-AOJlISCiS^-r'So 1 0 O^Vi^'x ha-AckO ^ISl^i. BIO 

{i>nc< i*>A \ ^^tsm^t^^mi^. Jf^ U< tiA 1 xG a ,-xN (0<X 
l^^<Di}<n^ti^^ AlvGai-vN (0^Y<1. X>Y). I nzG ai-z 

N (o^z<i) (D^oU25bm^B. S7tm^B(Dmit^^mi=^x'mf&-r;E>o 
iS]. 7i^mMx-u. m 1 omit^^mmt i n^^^/j:t^A i xG a i-xN (o 
<x< 1) tL. m2<om^\:m^^mmtA i ^^tm^ i nzG a i.zN (o 

^Z<1) i:-r^:ic!i>{)^$ t>C$ft U<. il3T-^*S^tt{C#tl/cS*S^^ 
?^^<i:l^-5<'^*^'^l^9 m 1 OS^bJ^^^(* LTA 1 MFait (Yil) 
0. 32-lTOA 1 xG a i-xN (0<X^0. 3 ) B 2 O^^b^^^ 

^{^i: UTG aN<£•ffl(/^^C <i:*<«t$f^ Ut^c 

^fz^ AlxGai-xN (0<X<1) ^ffl l^Tll 1 OM^fb^^^^^^^B 

fijcu. G aN^mi''XfH2cDmitm^^w^m}iS.Ltzm^. i^jTcojio^s. 
mm±mntzM}^^m-r^o -tfn^^. mm^mmmi&M:'^ cmovpe 

; metal organic vapor phase epitaxy) {Cj:^AlxGai-xN (0<X 

<i) m^zjpG aNm<Dm^iz^i^xii. c^-rnojit>injDH2i?SM* 

-efiJcS^-ti:Sw<h*<T-^'5o l^t-oX. nmm^m^^:^ tfi< a l xGa, 
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-xN (o<x<i) mtG aNmt^^mzm.&-^-^^:^tizjzom^i^ 

m\tm'=i^mw^m.mxi5.^-^-^:h v':7i)^KK>^-r<fi^fzii>. ^. 

m^^m^m^-r^m i (Dm.it<^^m^mthx(Dh i g a n»^a 
1 ^lH^Jt®^^i>isc^Jii: uTt>. ^^m^mw.\>AT(Dmwxit^^-^^x\.^ 

a 1 4 1 o:>m.itm^mwmt'm2 comit^^mwrn ton mi^'^^m 



50 



wo 98/31055 



PCT/JP98/0002S 



^•■x©f^^{ick'i) chm^^tl-So ^:^;p«©ii^. AlGaNiiGaNJC 

^ d ch ^ -5 i ti^ ^ n -5 o 

1 G aN/SchG aNmiZMe^nMX-V-zriyfzm^. A 1 G aN/lT-li 
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NMOT ^ -^Zf ^ —mii<Dm^ltA 1 G a NS{Zjt-^T^< ^ Mg©^tt 
-fk^iii^l^o m^i-£Mg^l X 1 O^Vcm^ K-y LT t>G a NTiil x 
1 0'«/cni3g®©^i' 'J T;^^T*>'5©{C)l?t A 1 GaN-Clil x 1 

GaN/GaNi:T'i@t&?i:L. U T^i^^^^i t>tl'5 G a NS©:)^ 

;StO-C*>'E)o L*^^M*S?<fc UTl^'5f;^6. h U T(i 

^*i6^^^iSO^i>7^j:0^A l G a Njp^^lj-T'B^je). VTltA 1 G aN 
gC*Jt,^T^^^^?l®f^»^l3:<i:^i:g{j-r{r^«^T•§. ^^oA 1 GaNJi 

(i. 1 X 1 0'Vcm3~l X 1 02Vcm\ $ •=> {3fiF^ L < 1 x 1 0 ' 
cmS—S X 1 0'^Xcm^(Dmmizm^-t^^ 1 X 1 0' Vcm^ckl? ^^^/<C(,^ 
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m 2 omifm^^mi^mco n mi^'^^-m^io^ i x i o ' ''Xcm^i^Tx^tut^ 

:^mM(Oi^mt^mib<^^ti^o n^^»fei^t LTliS i . Ge. Se. S. 

om<ommmm^ivBm. viBmytm'^mvii.. l< its i . g e. 

3. ^4®M'fl:i^^^i*ii©Mmt>. nffliJi^^-y Kill 4<hi5ll;<. 10 

Sfcff^ L< (il 0-4 0^>i^-x hp-ACDMISfci^^^^o ID^l^. 
m3o^'fl:2^^^i*:a(ili>^j:< it>A 1 ^^tsmit'^^^mW. if^ U< {i 
AlxGai-xN (0<X^1) ^gfeS^ii-'S^iT&^li* m 4 (DMit 

m^mmtlift. U < liA 1 yG a i-yN (0^Y< 1. X>Y) . I nzG a 

,-zN (o^z^i) (D^r)f^2 5bm^B. 37t&^B(Dmit^^mi^^f^m: 

Pfiij^^-y Kill Q^iSfS^^itil-^i. ®t&^:®it*-<U-if^^C 
#^-5fPffl(i. nfflij^J'^ -y KB 1 4©f^ffli:|5]bT*>'S;6^. ^<^>{ln»#J 
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l^^ (#rFm2 5 4 0 7 9 1-^) o Li>^i^pmi)m^tlfztl^-oXi:>'^(D 
•t^Z tib<X^6o 

pm^mmmm=^^\^^ < SFtL<iiT>K-^i-r^<h. iifit«ff. v 

— 1 X 1 O^'XcmK $ ^>{ISF^ U< 1 X 1 0'Vcm3~5x 1 O'^/cm 
3©ISffl{C^||-r'So 1 X 1 0' Vcm^J; 0 ^^^'y:i^<h. B 4 OM^fkiKj^^ 
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::?;^ii^<t LT{^Mg. Zn. Ca. B e ^OJiS^^t^^II A>E^. IIB:^7C 

i^CSBS^ (IS2 0g^bJi?5¥^*^SX(im4 0g<bi^^*f*S 
{;iag-r'5gB5^) o:fMMJg*-</h$ < b< (iT> K-:/) ^ci:S<t 

S i ^ K-^L/cA 1 G aNSi. T> K-^®G a N« <i:-rm*§^ 
^K^b/zii^. A 1 G a Nji(±S i ^ K-7"bTt^'i>®■r• K:^-cb LT« 
^^e*mCttS-r*-<. m^{i;f^7">'> + ;l/0<&C^G a N®<S*^{l^-t> .;5o 

'J TCDWi^^^i-^f-i^^o ^(Dfzi6m=¥- itemize a N?^S4'^Sj< :i tib< 

tl^o $t>{C, K^> :/:IlTWl/^■-^D:*:^l^A 1 G a NgC4^(/^T. 
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^^(i$^C;^i^<T#^o fiP*.G aNif <£:^ilit- A 1 G 
a N»{Ci£t^a5^^iii§-r'5«^{is A 1 G a NS*®G a NSfciS^f 
saJ^^-jr^SnM^f^lfe^^^^^ (coitus i) (Om-^^^'pfl^ tio^ 
\i^o L/*^U. ±iS©J:-5 fwA 1 G aN»{w4bn^T. GaNWiriS^f^ 
gi535-^T> F-y^t-T'Sci:. A 1 G a NS^Ci£^,^^55■<&iiii■r'S«T*^S 
i ©ifeSL^S{tlc< < /j:^fDT\ $i^{rT> K-7"G a NSO^»^*^fS] 

T©ntiJ/<»y 7tH1 1> n#J^^MF»15. P (104^ «y 1 7 . p 
m^if^ K« 1 8 . p to =1 > rJ' h ® 2 0 i: f -S d <h *<-C 

J)yg&ii*^b>^ti^ii. ^OST-fe^*S^ 

m^=?'mi)-^^fl^ nm^'y y KS 1 4 1 6 <i:©r^{I^ ^^^^ 
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HJUfctNT. nmitiS^ K^l 5 0^|i6MS{ll X 1 0'Vcm3^^TT' 
*>SC L< . 1X1 0' Vcni3iaTT«>'5Ct*-<$e>{r$f^ L<. 

KSl 9 <irSttSl 6 <i=oFB^{r. iz.<D'!^^^mx-mn) itS^n 

X 1 0>^/cm3|£ZTCt^^^tL/cp{|ij3t^"'< K«l S^^SgX^nri-'So 
*^BgfC:fo^,^T. pffiij:^'-r Fill 8 0^^^^2iJKli. 1 X 1 C/cm^l^^ 
TT:*)n{^«kl^*<. U0^^^5&^^^iglil X 1 0'«/cin3ii>lT-CS>*9. 

•^>t-*p{i"j7t7f7"'i' Fei:ii?-s<o ^/c. %muu vim.'^'^w^o:>mti-- 

tjcLT:iOp#j7fe7!7V F« 1 8{CAoT< '5nr#liit)*>'5o f^. C©p#J 

SttSO^^^^tlllil^S 6 O-'S 2 0 nmcDigffi. t^^TfeS 8 0'-4 5 
0 nm®$gffl(c/j:^c}:^ i^l5fi-^tL'i>o T> F-T'CDM'fkJgS^^i^li n S 
T^mJi. pM^'#6455^ F--rb/-cg^bifel^*i*:{Cil:g^bT> iniM:R^W 
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h'm (Di^^^<^MmijK 1 X 1 0' VcI^3J^T■e*n{^^it>t^-5o 

W-rsmffO. 1 ;t/mJi^T©M'fl:tl^*i{*ck '^^i:-?. pM^-i' y-:fmi 7*^ 
?^^^tLTfc«9. ^©piaiJ+i- -y :/ji©^*ti^2SJK*n X 1 0 'Vcm^giJ: 
{IiS^$tLT(/^8o C©pS^i"y >^ai 7©Mli:{iO. l/zmJilT. ^ 

^mWMib^f^S: VIZ < l>*N<^>T-^So C© J; 9 {i^O K4^> y 

-i}^i^^tim^m^miz-m\^r^ o. i ;amjLi^T©^)^T?&E£-r'BZci:{r 

^A^ti/c«^*-<> >y :/S©i^wi/^-/<'J T©P*^(CcJ; 

I^Cygt «^<i:IEdFLi©ft'^^©?i^*<;5< 'y:'5/ci6Cm^-S{*:©£ti 

tl^\5]±:^-\t^Zti!}<X'^^o ^fz^ C©^-<' >y yji©^|i6i^iiSli 1 X 
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^•y Kill g^e^S^MT^^-r^^iintC^b. ±3ZEU/cJ;-9{r®>!?®^ 

i>x±(Dmmmm 3 Ttt. n iiij -y f® 1 4 s<>' p #j ^ ^ f^ 1 9 ^ 
m^^mmti^fzibK ^mmi-iz.tiizmi^^. nm^^-j f«i 4 5^c>'p 
fiij^^-y Fgi 9©9t.©^■s.<^>7&^-:^^^s^&^:^itchLTfccfcl^o 

t/i. ^]^?&e3T'{i. nffiiji>5«y FSl 4 5^C/p#Ji>5 >y FS 1 9^ 
M^§?^it<i: U *^H^{iCtL{lIS^r. nfiiJiJ'^'y FSl 4Sl<:/P 
F«l 9iii^®P<|iJS.O'nffliJcDg^b©l^^{2^S©l^-rtL*-loe-l 

li^±©ll*feJBffi3T(i. U-if^^^w:te^,^Tn#J^^5 -y F« 1 4S:a*p 

-f^-F (LED) te©S^l:^^^*^*^^^riifflT■^>i>C<!:{Sl^9* 
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^tizasit*. '^mm^tiz ^^mmnm^^mxexp ct/To) izitm-r^ 

{T : mr^-^^ (K) , To : (K) } o L/-1f^^T'{i> To*^ 

iz^i^mi. m'^xhmmmm.^^m^i&<x^. ^^Lxmi^-t^:it^ 

*n 5 OKJi(±*>^o ^(DmitLDcoum!^^i3<^miz^tiXl^^ z. 

tuxmi^^z.tizj^^^ 'i^tmzitui^m^mibm^x^^ ■^<Dmm±<Dm 

m9it^mmz^.^mmmm4cDu—^m^omvt^yr^-tm^^^f^§m 
mx^io. u y i^x h 3 zrizmmfi:/D\^xm i^fzmomm^^mizm 

(TitfiSS 0 2) 

iiS 0 2li{^SIl^a55^6tJ{c^®{rff^^LT. i^Jtcg-fti^^^i^S®©]! 

n^&^nofzi^(Dmt lyxmi^^o Tmms o 2{iG aNxi^A i .c 

60 

BNSDOCID: <WO 98310SSA1 I > 



wo 98/31055 



PCT/JP98/00025 



©AlxGai-,N (0^X^0.5) <&fi5cS d Ul^o 0.5 

•r^ztijm-^ lyi^o mmmms 0 1 it-^y t^tcd^^^ s i z 

(«^m3 0 3) 

1 0 //m. 1 umOS i O2 l^*-^2 mPalUflJ^gJc^ n-Bo 

^sp (SiOa tm^^tixi^tii^Tmms 0 2(Dmm 

^^^PfSo^i>/d:l^^^^:^^^^^*S®3 0 4*-«fiJ(;Sb^-n^©T:-if^ 

oi^o i*SM3 0 3(Dmt Lxit^ m^i-xmt'T^m (s i Ox) ^mit 
"r^m (s i xNy) . mt"^^ y (t i Ox) .^^te^/u^i-'t/ACz r o,) 

m^m^^mwmmsQ 4it^ m^in. t> k-7°g aN*^^aii3 0 3 

!^i<i^(*g^3 0 4IS^^^'1' FMIBfiJcSiS (HVPE) ^fflC^-Cfi£S ^-ti- 
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So m^tm^mi^mmt i n. a i ^^^tn^c a n^rJc^^-^s ^ ti}< 
(TEG) mo^mtr V ^ Mt^m^&mi^. mmmitry^^r. 

(it F-5 >^><£-ffll^'S) :i c!:*-<«^>Mt tl^o ^tz^ ZOG aNMUlZS i ^ 

(n{|iJ/<-y -7 tS3 1 1 =mnm^>:^ ^ hM) 
n&U<yyrm3 1 1 {i> ^'ft^^^^^^S^ 3 0 4±{::. S i 

co/<.y -7 tS3 1 1 m9(D^ofm^<^^^m'^=^i'^m\^fzm^iz 

3 0 l~{^aM3 0 3^l^.5feUT. g^t»^<*S:K3 0 4cm^^lS{:^ 

s i c. ::^h'^-^ji(Dji^izm^t<^^mwmtmu:^un^iofi^MU(D± 

iZ^ 9 0 0°CJi^T©f£^^::*5^/^T. GaN. A 1 N^^. 0. 5 ixmKiT 

c^^y ^m±m3 1 2) 

i> 5 «y jhS 3 1 2{i. ^J^ifndiJ^N^y 7 tS3 1 1±C0. 15// 
niOS${i^5$tifc I no.o6Gao.84NJ:«9^j:'So 
(nfiiji?^ -y K«3 1 3 =etS^Ji) 
nffiiji:?^ .y K«3 1 3 (i. m^l-i. 2 S^T^i^'X h d-A©MI¥^WU 
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S i *n X 1 O'Vcm^ V--y^tifznmA 1 o . i eG a o . 84N 0 ^i: 1 
^ 2 Oil ci: $ tl/cjS*S^S*N <a> 0 . iii:mi?*^^Jx.(^ 1 . 

3 1 3{iA 1 ^i^*afij<;*^8. o%x'$>^<Dx\ ^ommt<Dmit9. 6t 

-r^C<i:*<T^^o l^s *n{|iji^5-y 3 1 3 omfiXRO' 

(n#j7t;^'-r KS3 1 4) 
n^Jpfe^'^r F®3 1 4(i. ^J;t(fO. 1 ;amOjmJS{ifiJ!:g$tL^T > F 

i^mV. GaN. I nG aN^j$.^^i±XMm-t^zttm-^V<. ii^ 
h o-A~5 //m. $ ^ U < (12 0 0 b D 

(?§ttS3 1 5) 

a^.z^ii'Of^^Pf-'^mt^ 1 0 0^>i>'X h a-AOMJ?®T>' F->^ 
I no.oiG ao.99NJ; 0^j:^PtMS<h:i)^iSci:{ia/i$tiT7^j:«?. ^J;t(l*^. 
I^ff 4 4 0:t>i>'X h o-ACD^S»^#P1«3£ (MQW) ^WT^o 

(pfflij^i- -y^S 3 1 6) 
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MA 1 0 .3G ao.7N^^J;ti^3 0 0;t->^X h o-A®JfiJJ-C^5$ii:T 
?^fi£^6o C©pM^-f -y 3 1 6{i0. 1 //mJeiTOJi¥Tif^e£t-'5 

(p#j7b7^'W h'mS 17) 

ptJ^^^'V KM 3 1 7{i. ^<> K4^> •yyj^T>>'^4=^-;^)^piltJ+-i' -y 
3 1 6 J;*? ^>/^$c^^ ^Jx.{^T> F--/G a N^O. 1 /im©MJi:-e^s 

^ Ka3 1 4 <i:|lIU< G aN. I n G aNX^m^^^it^ Z tiimt Ul^o 
dpm^^-y F«3 1 8) 

*^oMg*n X 1 O'Vcm^ F-:/^nfcpMA 1 0 . 1 e G a 0 . 84N ct <9 ^j: <5 
Il3 0/i<t. 2 5^>rx h n-A©MI?^WUT > K-7°G a N J: <9 

flZ>o -©PiliJ^^ -y KS3 1 8 tjA 1 ©¥i^M*^8%-C*>'5©T\ M 

:^©B{C^< F-T^LT. (/^:bi^<g.^l^ F--7°^?T^ <i:iiOffl^{£T^ 
-tir-BCi^^-C^^o i^. ^piliJiJ'^ >y F®3 1 8 (St&^S) ©mfiJcS.?^ 
© 1^ iffl t % T ^ -S o 

-^-So i3TSU55-<i:{i. nfflij7t7^7W F»3 1 4. 3 1 5. pffliJ^+ ^y 
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*>'So :^mm-cii.frnm(D^'p y h'mcomm.^m< ut. a i^i^*e^ 
^i^^ <-r^::.tizj;iO. mmmm^^^if. =iTm(Dyt^^^ y vm-cm 

l^iAi^-S t®T*So L*^L. =iTrtT-^;l/5^^- K*^T-^ a <J:. FFP 

©jf ^ UC^I¥$i:bT{i> 2 0 0:r>iJ''X h o-A2l±. 1. 0;umJgiT. 
^ ^{CM^ L< lis 0 0;t>r7. ho-A~0. «tM^L<{i 

(ptJriViJ'^ MS 1 9) 

PMG a N J; «9 0 > 1 5 0:t>i^'X h o - A©jl)5{Cjg^-r -So 

pfiij=i>i$'^hl319 l;i±iE©pMG a N^^mcts p^O I n ,A 1 v 
Gaj-,-yN (O^X. O^Y. X + Y^l) T^^-T ^ C t^-^T^ ^*-<. 
pm@3 2 1 <i:<J:OS«f>^j::r-i «y ^ ^ft4^?i-5 ^cfcCM g K-:/L/c 
G a Nth ^-5 d * UC^o 
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il{r^b^^T. mm^mn^i 0 over--'} y^'^m^^ pm^^^^ 
tfz^ mmmm4(Diy-^m=FX'it. r i E^«Cct*)s±®©p{i>j=i 

m.3 0 4©^lD^^M^^RS*^^nT{/^/<£l^&so±:^{^?^^•rSo I2!9© 

tJ/s-.^TrJiS 1 1 CD^Bd^n^'tiT i tA \ ^'Qf^^n'mMZ 2 2^ 

pfflij^r hjiS 1 9® U -y ■^'ftSSfCN i thn^^fl^V 

2 0*^x h^-r-7°t«t{rff^gfe$ igl9C^-rJ;9{Cpm@3 2 0 

m,m.m 323 ^j^gfe c ©ife^tM 3 2 3 ut p «@ 3 2 0 <J:«afi^ 

{^^ii^ L/C p -y F«@ 3 2 1 ^m^t^o 
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^Wt-'Sn#J^5-y K»3 1 3RZ>'pi|iJ^5 .y KS3 1 8 (i-^ti-en. S 
2^^JgJBSg4 {::t^c^T. ^^fe^i 1 o©S©Mff*n 0 0 ^ 
jiM«it^fgL.> if^ b< {i7 O^^i^^'X h n-A|^iT. $ t>(C$f^ L< 

K>m^-r^o M.^mtmi&t\^x{u mK.\-^A i xGei-xN (o<x<i) 

U;t@f§^<t. m^\th 1 ,G a,-xN/G a A 1 xG a,-xN/A I y 
Gai-vN (0<Y<1. Y<X) . AlxG a I nzG a,-zN (0 

< Z< 1) 3-7t^^ i 3 TcS^. ^U< {i3 7t:Xiai:2 7tM^<i:©ia 

©(iA 1 xG a ,-xN<i:G a N «i:*^^n^'S@t&^-e^>'So 

o sG a o sNi. 2 5^>^'^X ha-A®G a N<i:^2 0 O'^T (1. 0 
/zm) ©l*^x 1^T©MIP5 0:^>rx h n-A, Al 

^#traOA 1 '/l^Jt*<0. 5T^^/cJ6. ^©A 1 ^^tj-Ji©2SgJtO. 
5{imi?it (2 5/5 0) ^^b/ifilO. 2 5^ffll^. ^©iSt§^©A 1 
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GaN^2 0:t>^'X h a - A i T-»ji Ufcif^. mJS©M¥l^^^Tt^x 
0. 5 (40/6 0) =0. 3 S ttitr)OX\ A \W-i^mmt3 3. 3% 

{f A 1 o.iGao.8N2 O^i-^i^^'T. hn-A, A 1 0.2G ao.sNS O^V:^ 
XhD-A©Jt^^i. 0. 1 (2 0/5 0) +0. 2 (3 0/5 0) =0. 
16. ai-^ 1 6%<I:A 1 sp±t|$iEgi-^<5^ Jii*>iii±®^J{iA 1 G a N/G 
aN. A 1 GaN/A 1 G a N {I-o(,ntIJ&h^ b/c;&^ A 1 G a N/ I n G 
aN{ro(,NTi>|nID^fcb:>5-iS^iiffl-r5^cDc!:-r'So f^. nM^^-y KS 

©A i^i^iagjcti. s IMS c—i^-f ^ i^mmii^mmm) . :t-i^i^o 

^fi^ffl C ^ T ^> ^ tij -r ^ C i 76-<T- # -5 o 

^ F«3 1 3^i*©JS$^0. 5 //mJ2^±ci: n #J ^ y K 

1 Sd^tn^ A 1 ¥i^*a^^M5^^ (%) TSb/c^tC. nm^^y 
Fa^^*©^$ (//m) iAlsjii^^M (%) <!:©«*M. 4i^±tfl^ 

^oi'm^LTi^^ z t^^ii^WLt-r^o mi^^^tiit^ :^mmj^m4xii^ 

nm{7^y Kg 3 1 3O^I*©im^0. 5 //mJe^±{r|^^L/*^o^MJ¥ 
{c±iiEOct9 {::S:i±i^ti'5M5^^ (%) T^L^cA 1 o^±£j*afife^^ b/c 
m.i)\ 4. 4Ji(±{i^j:a M*§^ji^:®g£-r'S.#Ji©M¥<i: A 1 O 
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^>'5*^^.T'^>'5o cJ:.<9*f* H,^A 1 ¥l^mfi5c <t n 5 Kii3 1 3©^ 

/Afc, :*:^H^T'li n 5 «y K«3 1 3 ^^*S^T'^fi)c LTl^'5/c^6x 
A l^^Ji^:^^< bTt>:?-5-y {C ^' ^ i> 0 < <T^^c i!^-:) 
Xnm^'p y K«3 1 3 :i:i*:©MJi:o±RS{i. M^tt©® (^^ -y i^^^^ 

^•rac <i:*^ @*S?<£:«^t-5M'fbi^^^i*Ji©asiHliJc^M<^-rJi-e 

5o :i©i#^©«{i4. 4&.±Xh^o ^ L < n#Ji^ ^ .y K®©^(* 
©Ji:^^ 1 . 0 //mJi^±<l: ^Onffli]^ 5 >y Kilir^^n^A 1 ^i^lffl 
fiJc^S. 0%iiX±ti-^o C©ii^©«{i5. 0;i<l±T^-5o $^>{CJF^ 
L<(i. n#J:?5 -y KB©^(*©]i:$^l. 2 mli-l±i ^© n <liJi? 
5 -y Kiltr-^tn^A 1 5izi^*a6!c^4. 5%l^±t-t^. C©ii^~©»li 
5. 4]i;lJi-C-*^o iii±©|jfeBJIln{|iJi:7^ -y KS3 1 Sommt. 
J: T^i: S n flij ^ >y K«©A 1 siii^^M©M#> <!: ^fti^fi^ir^f fc©t?*) 
A 1 xG a .-,N(iA 1 m-.^it^i^^ < K^^-t- -y 

Sj@6^{l{iA 1 zl^ltX©:^#l^. ^J^l^ 0. 5Ki±(DA 1 ,G a 



69 



wo 98/31055 



PCT/JP98/0002S 



^^'^t^^l^(OT$>^i)\ A 1 xG ai-xN{iIl<fi£g$#{i< ^— 
mr-^lZA 1 m¥Biti}<0. 5W.±<DA 1 xG a . -xN^^S^-li-J; -5 

0. 5iii±OA 1 xG a x-xNS^, »T^Jx.(ft)^;ci mCDMff T-^S$ 

tz:bi><:^mm(D^^lzA 1 xGa,-xN^jatS9^;^:^gJc^;5J;9/j:^i^ 

h^o m p #J i> ^ V KM 3 1 8 ^ n .y 3 1 3 ^hlHiioa^ 

(*J^I?^J5< -r^ i:> A 1 G a N;i®t£in;M;&^;«C§ < 
A 1 G a NOiKirCfii*^:;'^^ < ii|fit*^i^ < t^j: SlifSjc*) 
T*,-5o -?-0/ci6. p{|iJi>^'y Fil^A 1 ^^t^M^btl^^^^S^^triS 

iJ'-^ ^y FJlch UTfPffi$-lir-S/ca6{r{i. 5 O^^ViJ'^'x N n — A 
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(%) T^U/c^C. p#J^^«y Ka^<*©ff$ (x/m) iAl^i^MfiJc 

-xN (0 <X< 1) ^©A 1 xG a ,.,NS<fcm^*^M^j:^teOg^k 

!^i}£^^^ji<i:^aSU/c^:te^i: A 1 , G a i -xN/^G a N. A 1 xG 
a,-xN/A 1 yG ai-vN (0<Y<1. Y<X) . AlxGa,-xN/I 
nzGai-zN (0<Z<1) ^® 3 5c-/lE <t 3 TciS^x ^b<li37C?i^ 

xG a i-xN<hG a N<i:*^«=>/j:-5jetS^<i:-r^o 

immm i ] 
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y^ji^T (NH3) iTMG Ch V ^^JUifV ^ A) t^m^^. 1 0 
±iCG aNcJ:*)/j:'5miO^<y:7TJll 1 ^3^2 0 O^^^J^X hn-AcD 

-7 rSl l^S^. TMGO<;?*-ih26T. 2^^^ 1 0 5 0 **C^-e±# 
^■iirSo 1 0 5 0°C{r7^i:^/c<a>. H D < 11JH4:^''X{CTMG. T>'e—T:ff 

^i- UT^Sl X 1 0'Vcin3©T> h'--:^G aNX 10 ti^m 
2(Dy<y -7 rSl 1 2<£r5 mOMffT^S $ -li-'So 

^l^T> 1 0 5 0°C-eTMG. jy^e-T^ Tmmti'XlZiy^ (S 
i H4) ^fflt^^s S i ^1 X 1 0' Vcm3 K-y L/c n^G a N <9 >^<i: ^ n 
#J=3 hSl 2<&1 /zmCDJ^jfT^fi^if^o 

<:5^{w, ^as^s 0 o°ccbT. HJ^TyxtirMG. tm i ( h u > 

-r>i^'i7A) , T>^ — ^M^XfCi/^ >:^'X^ffll^. S i<^5x 
1 0'«/'cm3 I no.iG ao.sNJ; «y i^E?ih» 13^ 

^UT^aj^^l 0 5 0°C{CLT. TMA. TMG. T>^— T. v ^ > 
S i ^5 X 1 0 ' Vcm' K-7°L/cnMA 1 0 . 2 G a 0 . sN 0 

>^ihto. T> K--rG aNJ:0''i:'5m2©®^2 0^>i^"X h CJ- 
i^t^T. 1 0 5 0°CT-S i t-5 X 1 O'^Xcm^ K--/b/cnMG a N J; 
^{klZ^ TMG. TMK T>^-T. >^ffll^T?gi4ji 1 6 
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^-^--So Stt® 1 6liia^^8 0 OVlz^^lyX. trS i <£-8 X 1 
/cm^T h'-ytfzl no.2G a o . sN <i; <9 a^FS^S- 2 5 V i^X ho 

S i <lr8 X 1 O'Vcm^ K-:7°U/c I n o . oi G a o . 99N<J: *9 /i: 

it (MQW) ©-Stiai 6^^S$-ti:^o 

'Al^. 'Um=^10 5 OViZ±if^ llJ^:^-X{rTMG. TMA. T 

/cm^ K-T'b/cpMA 1 o.sG ao.TNck Ot^J-B pi|iJ4^+ -y^ll 7^3 

ii^l^Ts 1 0 5 0°CT\ K4^> -y yj^^wU^'-;{?^pffiiJ4^+ 'y:/S 1 

7 .kO t>/h$l^> Mg^l X 1 O^'Vcm^ K->^U/cp^GaNJ:0 7'j:^ . 

^^,^T. TMA. TMG. T>^-T. Cp2Mg^ffll^. 1 0 5 0°C 
TMg^l X 1 O'Vcm^ K-^L/cpMA 1 o aG ao.8Nct«9''ci:Slll® 

Mg^l X 1 O^Vcm^ K-:/b/cpMG a N ck «9 2 OH^ 2 O^j-^ 

1 0 5 0°CT\ pffiiJ^^ -y KSl 9©±{C. Mg<^:2 X 1 0^" 
/cin=» K-rU/cp^G a N cfc pfflij3 >^ ^ hg2 0^1 5 
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aiMb/r^H#fFm5, 3 0 6.6 6 2^{cr?§^N$tL> *ii]te^j®T— -y 
>^{roiNT^>^a#rFm5. 3 0 6.6 6 2mzm^^titzyjmi^mi^x 

R I E^®{CJ:0ft±®OpffliJ:3>^^ h^20<!:x. pM^^y Kill 9 

iAu J:«5nj:<S pS@2 l^B^-t^o —Id. T i <J:A 1 0 '5 n «@ 
2 3^X h-5-r::^t^©n#J=i VrJ' ^ h S 3 ® {5(5'^® Cf^^-T -Bo 
<5<:fi> 112 {c^-TcJ; 9 p«@2 1 <i:. nm® 2 3 ir^re^C^fcti b/^S 

2 5^:A-LTp«@2 1 <i:«M6^(lSi^ bfc p/^' «y F«@2 2. S.U^n/^°«y 
®-9-7r ^TS® 1 >y t'>^rL^ ^ 5 0 m<h-r -So "5 -y 

74 

BNSDOCID: <WO_9831055A1_I_> 



wo 98/31055 PCT/JP98/0002S 

yD\^x'^<-m^mmi.. mmmz^m^^r^^-r ^MsiBtrs i 02 

54 0 5 nm©jlii!^S*^5ie$tl. 5 Onm&.±(Dm^=^^sLfZo 
(itm\ 1 ) 

1 2^S i ^1 X 1 O'Vcm^ F-^ L/cnMG a N^— T'5 //m^S^-ti:. 
n#Ji:'^ «y K®14^Si^lxl 0 '«/cm3 F-^ L^rnMA 1 0.2G a 
o.gN^— TO. 4 /^m^S^-li-. pMrJ'^ -y F® 1 9^Mg^l x 1 Q^" 
/cn,3 F-7°b/cpMAl 0.2G a o.sN^— TO. 4 MmfiJcM$-li:. ^'a>{r 
XiU^y^ 9 Vm2 0^Mg^2 X 1 O^Vcm^ F-^L^^— OpMGa 
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•S i 

S i 
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0. 5//ni 
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•S i 

S i 
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•S i 
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(^mmi75A) 




S i 
S i 


K-y I nO.OlG aO. 95N 
: 8x10'8/cid3 
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17-- 


•Mg K-ypMA 1 0. IG aO. 9N 


300a 
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: Ixl02«/cm3 
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TiMmmm^^mu^titztK mmm&i-is. ove;i±*)0. m-^r-^tix 
mmm 21 

-■/U/cnMA 1 o osGao ssNJ: «9nfSmi®«^3 0^>^'X hn- 
ACDaiE-CBSS^-li:^ i^l^T> T > K-^O G a N J: 0 t^C 2 ©S^ 3 

mmm 31 

ii2©)i^s i ^1 X 1 0 '^/cm^ h'-^LfzG aN t-r^mt. umm 

[^SS^J 4 ] 

mmm 5 ] 

^m^Jl {CfcC^T. nffiijn >^ hSl S i 2 x 1 0 ' Vcm^ K 

-^L/cnMA 1 0.2G ao.sN^ <9/j:-5>^l 0®<J:6 O^^^'X ho-A 
®M)S-efi£S^-li-. SIl^T. S i ^1 x 1 O'Vcm^ V--;/ i^tzG aN ^ K> 



77 



wo 98/31055 PCT/JP98/00025 



i <£rl X 1 0' Vcm^ F-T'U^cnMA 1 o . 2G a o . sN^— T 0 . 4 /z 

^tvfztc^b. mmmmmms. 2kA/cm^ giM«EE4. svt-. m 
mmmeit^ mmmi titmux. sitcd cd . (2) ibm^^^mit^ 

(1) ^<yyTmi lg£g^> TMG©<?»-ihJ6T. 1 0 5 0°C^ 
T±#^-y:-5o 1 0 5 O^ClZfl-^fzih. mn:^'^lZTMA^ TMG. TV 
^r^T. S i ^1 X 1 O^^/'cmS F-y L/cnMA 1 0.2G 

^V^'X ha-A©Mfp-C5£S$1i:^o ^ LT^ 1 « + 2 « + m 1 S + 

n{|ij=i ViJ'i^ h/il 2<&S^-r^o 

(2) HMf^lJl ilniatr UT. S i ^5 X 1 O'Vcm^ Y--f]^fz 
I no iG ao.9Nck*9/i:'5:^'7 >y ^?I»±S1 3^5 0 ha- A 

(ommx'^^-^^^o 

-€-LT. 1 0 5 0°C{r LT. TMA. TMG> T>^ — 

y^fflC^. S i ^5 X 1 O^Vcm^ K-yt/cn^A lo.aGao.sNJ:*??^^: 
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4. 8VT'. 4 0 5 nmCDMI6^*^5ie$ti. ^^fc 3 0^rBl2i±^* 

hD-AJfiiT) ^ B (1 0^>^'X h o-A) . C (3 0:Ji->^';^ ho- 
A) . D (1 5 0^>rx hD-A, . E (500^>^5^Xh 

n-A) . F (0. 2fjLm) . G (0. 5 fim) . H (0. 8 fim) (DM 

mi)<5 OO^^^'T. hn-A<£:i@x.^<hgiM«ff:&<^^IH-±#-^^MC 
pffliJr'ViS'i:' hS2 0©llJi:(i5 0 0^>i:''X hn-AJiiT. 
U< (t3 0 0:t>rx hu-AJSiT-efe'BC.h^^M^ Ll^o T^cifcl 

O^ry^-x ho-AiiiT (*5j;^ll^^;i. 2)l^Si£<) izfi^t.T 

(OLD m^xitm^^m lt i ^ ^ /c ^ , Mfii«E*^it^««J® ® 

(Jtg^«?>J 2 ) 

^1 ©«fiJcO^-1flg?{C*J(,NT. nm^'p KS 1 4 ^ S i ^1 x 1 
O'Vcm^ K-^U^cnMA 1 o zG a o . sN J: *9 ^i: 1 OB^ 1 8 0;t> 
^'X h ^ - -UcomW-X^Mi^it. ^{,^TT> K-:/®G a NJ: *9/<£Sm2 
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L^cA 1 0.2G a o-sN. 6 0:tyifXh^-A^i)f^^^l(Dmt. Mg 

^m^'t^m^i^mcomm^^^^mmmizLxi^-^m^^i'^mi^ti 

[IIWJ8] 

1 {C:teC^T. $ "S* n #1 ^ 5 «y km 1 4 ^ S i ^ 1 X 1 0 ' Vcm^ 
F-yb/cnMA lo.2Gao.8N. 6 0;^->^'xho-Act'9nj:^mi© 
mt. S i ^1 X 1 O'Vcm^ K--rU/cnMG aN. 4 0 > i^'X h o - 
Ai;«9/j:;5^2©«<t^«Sb^^MIS0. 5 iim<Dm.i^l'm^t-r 

Vmi 2. vM^^y KSl 9 {CJn^T n ^ KS^®t&^<tL/ 

[^»J 9 ] 

HWJlCiJCNT. m2 0^<-y 7 rSl 1 2^E5<:S^ii:^"{::. ^11^:^ 
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OS*^3t{Ci>C^T. nmi^'y «y K« 1 4 ^ 2 0^>^'X ha-A©S i 
(ixlO'Vcm^) F-T'nMA 1 0.2G ao.8NckO'y:'5mi©»<i:. 2 
0:t^^X ho-A©T> F-^G a N J; <9/j:S|| 2©® (ir^a^LT/j: 
'S^MISO. 4 /im©jStS?:^ji<i:-r'5o $ 'iC p {IJi^^ ^ KM 1 9 ^ 2 
0^>iJ''X h o-A©Mg (IxlO^Vcm^) K-ypSA 1 0.2G ao.8 
NJ:<9>y:SlllOii<i:. 2 0 :t h o - A£DM g ( 1 x 1 0 ^Vcm^) 

1 5 O^^iJ^'X h D-A©Mg (2xlO'Vcm3) K-7°p ^G a N i L 
^ic;?). glM«-^5E^S3. 3kA/cm2T\ 4 0 5 n mCDjS^^^*<5Se 
^ti. »f{i«Eli5. 0 V, ^^fe 3 OB#r^Je>(±^^L^Co 
[||JSi?iJ10] 

^^fe^?|J9{rfcl^T. n{|iji^5-y FS 1 4 ®^*&^^<&«fi)c-9-^ll2©l^. 

s i ^1 X 1 o'Vcm3 Y-zfLfzG a.N t-r^mu mmm2 twiuoyv 
immm 1 1 ] 

ll^teB^J9{c4bH^T. nfflij^5 >y FSl 4^:mfijc^'5ll2©M^> Si^ 
1 X 1 0' Vcm^ F-:/b^cnM I no.oi G a o . 99N i-r-^ftblilnj^C LT 
U-if'^^^f^^t-^o i9 ni|iJi>^'.y FJil 4©)StS^€-^fiJc-r5^ 
2cD;icD$fl^<& I nG aN,J:U> ^ 1 ©ii «hm 2 ©a<i:©^^4^^Jg^|nl 
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mmm i 2 ] 

IIWJ9{wfcl^T. nm^^-y h'M 1 4 =&m^-t 1 (DM (S i : 1 
X 1 O'Vcm^ F-yA 1 0.2G ao.sN) 6 0 hn-A<t 

II2©®<&S i ^1 X 1 0 ' Vcm' K-7° L/; 4 0 ^ hn-A© 
G aNt ^HmO. 5 )CimCDjStS^^ig<i:'rSo ^ '?>{C p #Ji^ ^ K 

® 1 9^mm,-r^mi(Dm (Mg : i x i o^'Vcm^ f-t^a 1 0.2G a o.s 

N) ©Mj¥<^6 0>r>i>'X ha-Aib. m.2cDS (Mg : 1 x 1 0^°/ 
cm^ F-:^ : G aN) ©Mff^4 0 ^^^'X h D-Ai I^J^JSO. 5 

<hm2©jlo F-:/»^llIb{r LT. Mff^^^t^-fr. pM^^y FMl 
9^mfi5c:-rsmiOiii^2©®<i:OMff^^^b$-tir^ftfe{i. ^Jfe^^J 9 <h 

4 0 5nm(Dmmmmi3mm^ti. mmmEiis. 2 v. ^^t>2 0B#PB^ 
mmm 1 3 j 

^»J1 1 {w:te{,^T. nm^ ^ Y^mi 4^mm.-t^m2(Dm (CaN) 

05 i-mm^i X 1 o'-'/cn^t-t^mmmmi 1 tmm(Dmit^'^-t^ 
mmm 1 4 ] 

1 lZ:fsl^T^ nm^^ y FBI 4^m0SL-r 2 (DM (G aN) 
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mmmi 5] 

HM^JQ {::fcc^T. nffiij^' ^ 1 4 ^ S i ^1 x l O'Vcm^ K-y 
LfznMAl 0.2G ao.sN^— TO. 4 // m^S ^-tiraitetilnl^mtC UTU 

1 9©^^|IWJl©«k-5 (CMg^&l X 1 O^o/cm^ F-yUfc pMA 1 0 
.2Gao.8N<i:*9nc§mi©ji. 2 0 ^ Vt^'X h n - A Mg^lxl 

0 i9/cn,3 K-yU/cpMC a N <fc <9 ''i: SB 2 2 0 :t h D-A<i: 

2 {C 1 5 0;i->:/X h o-ACDMg (2x10 ^Vcm^) 
K-ypMGaNiU/c<i:C5> I^I l; < Bf Mm-^^S 3 . 4kA/cm2T% 
4 0 5 nm©a^l^®*-<Bie$tl. SIMJE(S5. IV. m^it2 0mm 

mmm 161 

^icom (A 1 0.2G a o.sN) OTj-Vi^-'x h a-A<i: U> Il2©a (G 
aN) ^4 O^^i^'X ha-A<i:UT«aL. mmmO. oumft^i^k. 

immmi ii 

U/cpMA 1 0.2G a o.8N#— TO. 4 // m^S^-lir-i) fifed |nj:m{:: LT 

1 4 (D^^mmm 1 (D J: o K S i^lxl O^^/cm^ K-^U/c nMA 1 0 
.zG ao.B^^<Ofl^mi(Dm. 2 O^r h o-Aci:. T>F-y© 
G a NJ; «9^«£'5B2©«2 0^>^7. h n - A ch*^ Si^mJi: 0 . 4 
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1 5 O^^^'X h n-A©Mg (2xi02Vcm3) F-ypMGaNiL 
tztZ.b. mi:' <mmmm^^^S. SkA/cm^-e^ 4 0 5nm©^i^^S 

mmmi 8] 

miOS (A 1 0.2G ao.sN) ^7 0^>i^'X hu-Aib. m20«<£: 
S i ^1 X 1 O'Vcm^ V-zriyfz I no.oiG ao.99N. 7 0^:/^'X ho 

[^SfeMl 9] 

mmmii izisi^x^ nm^^y h'mi A^m^-r^m^'i^momm^ 

miom (A 1 0.2G a o.sN) ^6 0:^>irx n2com (T 

> Y--fG a N) ^4 O^t^^'X h n-Ai LTHiib. ^J^iSO. 5 n 

^^w^s \^-^m=Pi3m^tifz^ 
[M.mm2 0] 

^»i9^Cfct^T> $ ^{Cn^J^;^^ K« 1 5 F-^©G a N J; 

2 0:t h n-Ai, T > K-^ © I n 0 . 1 G a 0 . 9 

NcJ:«9nc5M2©Ss 2 0 i: UTt^: <5^J^^ 8 0 O^^i^-'X h o- 

GaNck<9^d:^mi©«x 2 0^>^'x h n-A<i:. T>K--7°OIno 
iG ao.gNJ; 0^j:'5m2®®. 2 0;t>i5''7: h n - A i bT^j: -5^ 
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jt{r*Jl>T. nm^^-y KB 14. n«7*7'V Kill 5. pffiflTfe^^W K« 
1 8. 3S^O'p{|iJi?^ >y KSl 9 i:<&)Sfe^«iti $ ^{it^pfi'J=J > 
hg2 0^ll»Jl®ct9Cl 5 0:t>^X hn-A©Mg (2x1 
O'Vcm^) K-T'pMG aN<i: b/cic;^). mm.mm.mm2. 9kA/cm2 
-C. 4 0 5 nm0aii§l^^*^?i^.$n> SiMSffU4. 4V. ^^^60 

[^»J2 1] 

*^jfef?ii{iEiioLED^^^5cci^B§^'i>o ^jSfe^^ji tmmi^vx^ 

h a-AOm^-e^S^-li:. <5^C^-eS i ^ 1 x 1 O'Vcm^ F-^b^ 
nMG EiNJ^iOfl^^jy^^ hm^5 /zm^mJP^T'fiJcS^it. I no. 
4G ao.6NJ;<9/j:aj^J53 0:^>^';^ h n - AiD^— a^#P«itct 0 >^<j: 
^^tt)i4^^S$-tir^o 
(p#MtS^«) 

mz.^ mmmi t\s\mizi,x^ Mg^i x i o^'Vcm^ k-^u^cpma 

1 0.2G ao.8NJ;«9/j:a^l©)i^2 0^>'i5''X b n- A©M»T-55c:5$ 
■ii-. ^^l>TMg^l X 1 0*Vcm3 K-^U/cpMG a N J; 0 2 0» 

^2 0^>rx ho-AOmiyTgfcS^ii-. ^^.MJSO. 4/zm©@tS^ct 
O^d^piliJ^^ <y KS5^fi)c:l$-a:So C©p#J:^^-y KB40l^Ii:=b# 
(rRB^L/j:t^*^. 1 0 O^l-V^J^'X hn-AJii_h. 2A/m2iT. ^t>{C$f^ 
U< (i5 0 0^>:?':^ h n-AJ£^±, 1 fi miUT X li^M: ^ ^ ti)<m^ 

2);(zc©p{|iJ^^^ y Kji5©±{::Mg^ 1 x 1 O^Vcm^ K-:/L/cpM 
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200:t>i/xhn-AcDNi - A u J; 0 ^j: -Si^^tft© p «M 7 

n{|ij3>^5'^ hScD^BC^T i - Al J; ^ n 9 ^JBfifc-T 5o 

)il±OJ:^{CLTm@^?^fi£Ufc'^7i-/N^£-3 5 0 // m^CD^ «y T'il^^- 
li LT L E D^^i b/c i C 5. I f 2 0mA^cfc{,^T5 2 0 nm©^fe 
Vf (13. 2VT*)o/-Co cntrS^U. pm^^y KS 5 ^ 
OMg K-T'A 1 0.2G ao.8Nt:-:^^L;tLED«?©V f ii3. 4 

[^WJ2 2] 

«^J2 icfci^T. p#j^5-y Kss^^fiJt-r^M^s^s^. mi© 

S©J^J¥^5 O^tv^'X hn-A,i: m2©S^Mg^l x 1 O^Vcm^ 
K--rb/cGaN. 5 0^>i^'X hn-AibT. ^fi^ti2 5M«®b. 
^MJ?0. 2 5 /zm©jS*§^i:-r^ffe(i|5l:mflbTLED^?<&it^bfc 
<!:C5. %mm2 1 <i:{3:ia*|l)^©#i4^W■^^LED^T;&^^#^n^o 
[^»J2 3] 

^M2 l{C:jol^T. p{|lJ^-5^y 5 ^^fiJc-T ^M*S^S©I?$ 
mi ©SI 0 0^>^'x h P-A. m2©S^7 0^>^'X h n-A©M 
»<hbT. ^Mli:0. 2 5 /im©^;m^<l:^^ife{ii5]1${CbTLEDm? 

^fPfi£b/c<i:c;5>. vf{i3. 4 VT-*)-^/c*^ #«i^E^t^^£^©^)©ct 

«9 *>2 0%J^±®nTC>/-Co 
[^»]2 4] 
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mmm2 llzisl^X. ntJ^^^J'^^ hSS^RJcS^-ti-S^.. Si^2x 
1 O'Vcm^ K-yL7tnMA 1 0 .2G a 0 sN J; 0 -511 1 6 0:t> 

B^StlMU. iitllI55/zm©j@tS?i:-r'5o ^©ftkJi^Sfe^J 1 2 
imtwUTL ED^^^&fFiSlL/CctCl^s |q| D < I f 2 OmAfCi>0^T. V 
f l±3. IVCiSTL. i^«iiiSffliit5fe{iH:i^ik^UT2. 5f^m±JwlSj 

mmm 25] 

lo.2Gao.8N) online 0^>rx h n- A <t: ^2©»®J^ff^ 

lis. 2v-e. #«BEiit:£5^o2*&je>[±T-*-^/Co 

[^JSf^iJ 2 6 ] 

■/U/cm30^<-y7TBl 1 3 ^^S^-a-Ti^-SirC So :i®ia6 

S i ^5 X 1 0 'Vcm^ K-yt/cG a NS^1¥$ 3 0 0 fimX^^^^tfz 
-t^:7 7'-rTSK^^.^bTI?$ 3 0 0 /zmCDS i K-^GaNS^l 

oi^i'^m-r^o GaNs^ioiJi. z(D^^\zm.it^^mw tm.fi ^ 
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^W^^^ZZtK^-oXmh:>n^o G aNgSl 0 KiTV K-^T't>^ 
-t^m^KliMm X 1 0' Vcm^—i x 1 0 * Vcm^OlgfflTq^^fi^^ K- 

GaNSSl 0 IfPM^. ^^^1 0 5 OXiZLX. S i ^3 x 1 
/cm^ K-'T'U/cnMG a N J: 0 nc-Sm 3 -y "7 1 13^3 /^mOM 
]?T^S$-li-'5o n£*Jm3©^<«y 7 rJil 1 3 liiEl 1 . EI 2 {::*J^'^T n 

G aNs^Ki 0 1 t'm:i<D^<yy tMi 1 3 tcofiiiz^ mmmi ^i^i^f^ 

<5^{C|l30^<«y:7r«l 1 3©±{::. ^»J1 tlsI^lcS i ^5 x l 0 
i8/cn,3 I no.iG & t> .^^ ^^OU^ ^ "7 ^Vi^Ml 3^500 

<5<:{r. S i ^5 X 1 0 ' Vcm3 K-^ U/cnMA 1 o . aG a o . sN J; *9 ^j: ^ 
2 0>i->^'x ha-Ai, S i X 1 O'VcffiS F-^b/cG 
aN^<9^j:'5^2©jl2 0^>^''XhD-Ai^l 0 0 H^Sfca® L/c. 
i^MffO. 4 /im©et&^jiJ;i9^j:'SnM^5 -y F«l 4 ^fiJcS^iir'So 

<:5^JC^»jl <i:i5l;^{C. S i ^5 X 1 O'Vcm^ K-yL/cnMG aN=t 

T> F-:/I no aG a o.gNi 2 5^>rx hn 

-Act, T> Y--fG a N J:<9n£^i^MS5 O^tV^^'^^ ha-A<i:^fiJcS 
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X ha-A©^fia^#Fait (MQW) O^ttS 1 6 ^gJcg $ #'5o 

aG ao.7N<k<9''j:'5pffiiJ^-i"y7°«l 7<&3 0 O^V^'X hn-AOM 
Mg^l X 1 0'Vcni3K-:/U/cp^GaNck«9 7^i:'5pffl'J 
^Tfj-r KB 1 8^0. 1 jLLnKDBmv^&^'tt^o 

mzmmmitmmi::i^x. Mg^ix i o^'Vcm^ f--^l^cpma i 

0.2G ao.sNJ; O^dT-S^ 1 ©M^ 2 0 ^ ^i^'X h n - A eh, Mg^lxl 
O^Vcm^ K-7'LfcpMG a N J; «9 2 O®. 2 O^f^^'X hn-A 

J: 0 'B. .ItJ^ff 0 . 4 ;tz m(Dm^=^m^ O^l^vM^^y K® 19^?^ 
fifeU. &mz. pM^^ y Vmi 9 0±Jw. Mg^2x 1 O'Vcm^ K-^ 
U/rpMG aNJiO'^C'S p{lij=» NS2 0^1 5 0:t>rx ho-A 

RfSS^TJ^. 7 0 0°CT-T--'J HWJ 1 chlH^fC. RI 

E^a{::i:«9«±S©p#J=i>:5'^ hMZOt^ nM^^y h'Ml 9 

iikiz^ mmmi i:inib < paij^ hS2 oox h^-r:/f; -y 

®©(a(5'^®{CN i <!:Aucfc<9^d:'5pm®2 G aNS^l 0 

1 T i iA 1 j^<ofi^nmm2 s^m^-r^o 

OS i O2J;0'^i:a^^M2 S^JB^L. ccDi^i^ll2 5^^bT. pS 
@2 1 <i:«mfi^(l^i!b/cp/N°«y F«@2 2^5^^-rao 

pm©2 1 {^SiE:^j::^|RiT'G a NS® 1 0 1 
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mmm^A. ov-z^^ ^m^s^AQ^nmomm^m-bmrn^n. 500 

^^^RS©l£;&^ 19 < C ch J: o 

liiT. its:. Ig|®^#MLT2^^B^©MSI?BS3CS-cJ<IIM^{roiN 

[||»J2 7] 

if^T-rr (C®) ^<ofz^mWi(D±\zG siN^K>fs.^^<yy tM^^ 

UTG aNJ;«9^i:'5#*g^^5 0 m©MIp-Cfi£S$-ti:/c G a NS® 1 0 
0<&fflit-r§o COG aNS^Kl 0 0 ^SfC^^rtf'-fe -y h iSS^ 1 
0 5 0°C^T±lf. ^+ >J T^y'XCTR^. l^!|547yx{CT>^:-T<i:TMG 
( h y ^;l/;^"'J -^7^) . T$i6i^7?7-X<i: LTi>5 >7^'X^ffll,^. G a NS 
0 0±flS i <&1 X 1 0»Vcm3 k--7° b/c G a N J: 0 n{|J/< -y 7 r 
SI 1^4 ;t£m©MI¥ T'^fi^ it's o c©/<«y7TS{i> ia3©«k9^d:« 

LTfefPffl-r^o ^'a^C. C:cDn#J/<-y :7 T]ilii^2a-eg£S$Hi:5^<^y :7 r 

tmfl^UPt^^U^mWLO^K^ 9 0 0"CJ^^T©fi^a{C*Jl^T. GaN. 
A 1 Nl^^, 0. 5 /zmOT©IKIi:T-ifig!^S$-lir5/<«y 7 rSiliESiJ 

( n ftij ^ 5 -y KM 1 4 =e*S^») 

i^l^T. 1 0 5 0°C-eTMA ( h U ^ ^yUT/Vi -'i^A) , TMG. T 
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y^-T^ ^5 y7!7X^ffil>. S i ^1 X 1 0 '«/cm3 K-:/L/cnMA 
1 0.2G a o.sNck J^^jr-Blll ®a*4 0:i->^"x h n - AOMff-CEStS^ 
it^ m^-^-Ciy^ytiT.^ TMA^±a^)^ T> K — ^©G a 0''ci:SII2 

O^^'^ESSHtw^jiU. iitMmO. 8;tzm©jgtS^«};t9ni:<Sn#Ji>5 >y F 
(n«7^7-^ FJil 5) 

^l/^Tv >7^7"'X^±i6. 1 0 5 0°CTT > K-T'G a Nek Onc^n 
fitj^^'-r KM 1 5 ^ 0 . 1 m©MmT-^S ^ -l^ S o C © n flijTfeTi/'i' K« 
(i. yg&ac^^'f KSi UTfPffl L^ GaN. In G a N^^:!:^ -if -5 

li2 0 0^>^'7. N o-A—l //m©J^J?-ej^S$ii->5C <h*^M* bt^o 
^/cC©»^T> K--^©j^t&?«<i:1-^::i:^5T-#So ^*S?S<t-r^ 

©Alo.2Gao.8N<t«9 < i'-So 

(SftB 1 6 ) 

<5^{l> IE)H4>^" X(lTMG. TMK T >^^T^ffll^TS^4S 1 6 ^fiJc 
:S^-li:So 'Sti«l 6(iiai^^8 0 O'Cd^l^UT. T> K-"/ I no. 2 
G a o .sNck 0 7i^#^S<&2 5^>!^'X h u - A©MJ5T-fiJcS$-lJ:^o 
i^^JlTM I ©^:;l/it^^>(k^ii-'5©'^Tln^— aST\ T> K-^ I no. 01 
G ao.95Nc}:«9^j:'SI©MS<&5 0 ^ > h a - J^(Dmm-cm.B:^-^^o 

c©^f^^2lsl^*)ilL. «^Jc#F®;&«sb/ciS^l^ii:i 7 5^>^';^ 

hn-A®^K»^?fF:^3t (MQW) ©-^ttS^^S $-t±^o ^SttSli 
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(pffiO^-f -y^Ml 7) 

0 5 0''C{l±{f. TMG> TMA. T>^-T. Cpz 

J:<9 K4^+ Mg<£-1 X 1 0 ^ Vcm^ K-^ 

b/cpMA 1 o.sG ao.vNct «9^i:^piliJ^i' •vT'ei 9^3 0 O^tv^x 

(pffliJTt;??^ F«l 8) 

^l^TCp2Mg> TMA<&±i6. 1 0 5 0*'CT\ -y:/^^ 
yP4^-*-«p#J4^-^ -yT"® 1 7i;*) t>^h$C^. T> F-^G a N J; <9^<:^ p 

FMi LTf^ffl nM^^-V FSl 5 <i:|ilb< G aN. InGa 

ttSO#PaJ: 0:^^ <x nm^'py F®©A 1 ozG ao.8Nck<9 
(Pffiij^^ -y FJil 9) 

m^^X. 10 5 O'CT^Mg^l X 1 0 ^''/cffiS F--:^L/cpmA 1 0.2G 
ao.8NJ:«9^i:'S^3©S^4 0^>^'X h n- A®MJ?T'^g^-t±. ^ 
l^TTMACD«^^JL^l6x T > F-T'G a N ck 0 4 Og^ 4 O^t^^J'' 
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So 

(P0J3 hS2 0) 

1 0 5 0*CTx pfl'Ji!^^ -y Kill 9©±{C. Mg^2 X 1 O^" 

X h n-AomiST^S^ii-'So P :3 > rJ' h«2 OJipM© I nxA 
IvGai-x-vN (O^X. O^Y. X + Y^l) -e^^-T S d <i::*-<X-$ . 
if^ K ItMs^ V--yiytzG aNt-rni-i. p«M2 1 <i:«^>$f^ 
^-^ «y i^^M^^li^tiSo tfcpMA 1 yG a i-yN^^ t^mi^^mmo 

T<hB< L/Tl^S/ci6{C. IIKfi<J{Cp#J=i>^^ h«2 O©^-^' U 
*^iS<7^j:0 P«®<bi?t >y^*^'ii-^nT. ^^OBilM«oiE> « 

(i. ^^B^^-^^^-^^liaiiibfcilta^i^mS. 3 0 6.6 6 2-^cgg^^n. 
*lliffii^JOT--U >i/{roc>Tt)^H#rF^5. 3 0 6.6 6 2-1-cr?^^ 

R I E^M{z<i;«9ft±a®p#j3>iJ'^ ha2 0c!:. vM^^-y F» 1 9 
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^<-y 7 rSl 1 O^S^^Hi^ii-So ^Hj ^ii:^ C CD n#P< "7 t» 1 1 
•Vltnm^<yy rMl l^=i>^^ h » <h UTl^'S*^ G a 1 0 0 

*^?#t>ti^p«@2 1 ©#5H4<i: LT{i. «?ijx.(^N i . P P d> N i / 
Au. Pt/Au. P d/Au^^^tf^di^-^-e^'^o 

— T i (hA 1 cfc n«@2 3 ^5fe(3: ^^ttl ^-t^r/c n <|iJ^< 7 r 

a 1 lOSBi^x h^-r ■T^jytirj^gJct-^o nffiij/<.y-7r]il Ix ^^tiC 
aNS^Kl 0 0<!:JjF^ Uo^^-^ y ^i)m^ti^nmW:2 3(DUntLX 
liAK Ti.W. Cu. Zn. Sn. In m<0^mm U < (i^ife^W^ 

2 5^^r^bTp«@2 1 tmm&^i^mmi^fzpy<y vmm2 2. :^z/n^<y 
vmM2 A^i^fSi-r^o z(Dp^<y h'm®:2 2itmm^fipM^2 loBi 
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^^at^ib. Au/S nT-^®^^ :$'7-l'X-rSo 
-?:CD^. Au/S ntiJ^&TL^ ^-r:/UT. ;^ h 5 ^ ^*^©m^(::Mit^<i: 

^JliJONTs Biifii«»fL^^ 2 . OkA/cm^, Si|fii«ff4. OVT. ^^'^ 
54 0 5 nm©igi^^S*<Bim$ns 1 0 0 0 ^r^Bi_b©^^^^ U^Co 
[^WJ2 8] 

-To 

-9-7 T^T (C®) J; '9^j:^S^O±{wG a N J: ?)7^£5^<'y "7 TS<^r:f^ 
UTS i ^5 X 1 O'Vcm^ K-T' U?^ G a N J; 0 ^j: S^^S^^ 1 5 0 ;um 
©MUTSJcS^-lir/cG a NS^ 1 0 O^fflS^-So C©G a NS^l 0 0 

i^vyi^m±mi 3) 

ntJ/<-y 7 T-Ji 1 1^S^> ^aS^8 0 O'CJIUT. mH47:7 X(iTMG. 
TM I . T>^-T. >ij'X=^mi^. S i ^5 x 1 0 
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/cn,3 Y'-zfVfz I no iG ao.^N^iOfl^^ ^ y ^^±M1^^5 0 0^ 
trnMOS-fk^^^^i*- iff* b< li I n G a N-egfeS^-l^S- <J:(-«t 

(n^'J^^- •y^)i2 0) 

g^l^TTMG. TMA. T>^-T. ntj^tTy-f K 

ji 1 5<k0 t>^^'> K^> 'y^-3^TWl/4^-*^;k:#l.^. S i ^5 x 1 0' Vcm^ 
K-^U/cnMA 1 o.3Gao.7NJ;0^i:^n#J^i' •y7°®2 0^3 0 0^ 

'#(i^Jte«fiJ2 7 <hlql1t{CL/T'Sttll 6. pm^^' y^Mll. T > K. 
U yi^m^'^. ptJ=i>i5'^ hJi2 0©U -y v?«S®{lN i /A u J: «9 
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7 T rmu^mmiz j: o i^.* g a ns^ i o o o^s^^m $ ii-^o 

^diUfcG aNS:^^®0(J(5'^®{rT i /A 1 J; (5 /a S n 2 3 

izy^n^(Dmmiz-mm-r^m') x-mmL^ ^(ommm^s i 0 2<i:T i 02 

[||]6fe«»J2 9] 

^WJ2 7{Ci50^T. n«ij/<'y 7tS1 ^»J2 8 <i:l5l:mc 

S i ^1 X 1 0 ' Vcm3 V-zTl^fzA 1 o-sG a o . tNM^— 0 ^cC -5 

[^Jfe««J3 0] 

/cn,3 K--7°L/cA 1 0.3G ao.7Nji#— a^O. 4 ;/m©MJ?T-55cS$-tir 

mmm a i ] 
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^1 X 1 O'Vcm^ K-T'L/^cA 1 0.2G ao.sNiiO. 4jiimft^o 
pfflij^5-y KJit)|nI^CjS*S?Sig<i:-ti-r\ M g ^ 1 x 1 0 ^ Vcm^ F-:?" 
Uy3Alo.2Gao.8NSO. 4 A^mi-r-So ft*3*9 niW^fe;^'^ KSl 
5^Ty V-Zfl no.oiG a 0.99NM3 0:^>i^'X ho-Ai, Si^l 
X 1 O'Vcm^ F-7'L//iGaNjl3 0:t>i^'X h n - A i L/^i^M 
mo. 1 2ium©^*S^Sig«i:U. p ffliJ3t:^V K« 1 8 > F-^ I n 
o .oiG a 0.99NS3 0;r>'^'X h n-Ai, M g.^ 1 X 1 O'Vcm^ F-'T' 
U/cG aNMS 0^>^x hx3-At^mm\^tzmMmO. l 2 ;wm©^ 
1g^:Sjg<i:t-^ftfe(:i|IWJ2 7 i|n|:^{C LT U'-if^^^f^® b/c i: C 6> 
|H)D<^^aT'U— tf^^^^Ufc*-<. ^^ii^»J2 7©U-ifm^ct<9 

[^WJ3 2] 

IIJte«?>J2 7^r*>^,^T. n#J/<-v -7 rg 1 1 ^?Bfife-r§^. T>F--^G 
aN»^3 O^Vi^X hn-Ai, S i 1 x 1 0 ' Vcm^ F-7°L/cA 1 
o osG ao.95N)i^3 0^>i:7'X hD-Act^aeL/c^HJ?!. 2 um 

immms si 

ST-feo. mtDmmtm—u^itm—m^TjkLxi^^o bt. cosies 
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mmm2i tm\^<. 2-r>5^0. (oooi) cm^^mt-t^-^y r 

-TTSSS 0©±C5 0 0°C{CTx G aNJ^<Otl^^<yy rM (S^it-T*) 
^2 0 O^fVi^'x hu-A©m)5-eB£S$-a-/::^> 1 0 5 CCCb 

T7> K-TT'G aNM3 1^5 //ml^mT^m$iirSo :i ©gJc:^: ^"tir 

7T-rTOffe. S i ZnO^ Xt°^;K G a A s ^M^b«l^3^^{2^^J55c 
aiU> ^OG a NS3 1 ®^®{-^ X h^-TT/t^eo^ ;j- hvX^^J^fiJcL. 

OS i Ozck *9nia<*^M3 2^0. 1 fimommxM^-r^o msi^^ 

^<-r^:^*^ ^^^^P(|©^J>/j:l^G aNSSl 0 0^g£S$^^1-i'^o -(^ 
g|^©MiH4<i: UT{i> m^^^W^t'T^m (Si Ox) . m^t'r^m (S ix 

Nv) . (T i Ox) . m\L'J)\^::i-'0 u (z r Ox) mo:>m\t 

as 6 0 o°c~i 1 0 o°ccDM.mi:ihm^. ^(Drnmi'miti^Sfm^mp^iJ-^Jta 
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^mms2i^^'ik. ^ ^-^^^nmKmn^p^it-^-^ VL. io50°c 

T> V'-zfG a.NJ:iOtl^G aNmUl 0 0 tfl^G aNM^l 0 u 

^m-t^jio {i5icS^#5o d -9 izmit^^mwii}^^^ 

G aNMiJ^^^-^-f. W.m(DTy V'-zTG aNS3 l©±{rG aNS*-«a 
^Rfi3<:S$tl^o.^t^TG a NJiOfi^S^^tta G aNS;&-<g|:^lS](C55c 

SLT. ^mms 2(D±izm.i^±^^<^-oxn^. i^^uz-cE^^'^.^sb^ 

G aNS|5)±-C'0/j:*<5^T. «KM3 2 ©_htr G a NS^^B^g J: 

J), G aN^3 l±{Ci^SM3 2^^LTG aNM 

{ifi£S$tlTl^'SGaNB3 lOM^^RIi. ^mmS 2 (D±iZ^S::^ti 
Tl^aG a NSSl 0 0 (hOMB^^PfSOt^T-^^o ^^<i:^*>. MSS®<i: 

±mizi^^:^ri^mitm^mw}iSL^^^. mm^-v&iD^o 

M3 3©ck9c. umms 2±izmyj\^iz^^i^nfzG aNmmi o o(i. 

MaS^±(rE^gJt:SL/c*>©-C{i/j: < . mm-r^mib^i>JSLM:^-^tzG a 
NMibK ^mmS 2±izmyj]5\izi&^-t^z tlz^^^M:^lz-^fli)<'ofz 

^cDX'ik^fzib^ ^^Bxm<omiimm&m.t^^mm^^i^fzi>(Dizit^x 
$miz{pf^iti;Bo tSoT. mmsu±iz^&-^tifzm.it<^^^mwm(D± 
iz^ m^&jizmm-^titi^mm^fmi^x. '^(D^mm±izm:^ji^iz^& 
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K-:/GaNS3 KDm^aX^itl 0 ''>/cm^&.±^^i}\ zoUmmS 3 

£l±©ct9CLTG aNg^l 0 0 ^mi&btzm. ^GaNgS±{C|| 
Wj2 7 ilH^ir UTS i ^ 1 X 1 0 'Vcni3 ]:--f]^fzGa N«fc Ot^-S n 
m^<-yyrm. '^^y^^ h»l 1^5 /^m®lli?T5£S$iir/c^. ^Jg 
^J2 8 <J:|5l;^{i LT. S i 5 x 1 O'Vcm^ I no.1Gao.9N 

25^JI. 1 05 0°CT\ TMG. T >^—Tif:^^mi^. T>K-^Ga 

TMA^ii»DUT> K-^A 1 o.iG ao.gNS^S^^^'x ho-AgJcS 
^iir. ^l^Tvv >^'X^il]taLS i ^1 x 1 C/cm^ K-7°L/::A 1 o 
.iGao.9NS<&2 0^>rx ho-A©mi?TE£S$-ti:/c^. S i ^jL 
a6T7> K-^A 1 o.iG ao.9N«^$ ^){C5^>rx hn-AOMmT- 
fi)c:g^-d:'S:i (htii: K4^> v ^^^wl/ 4^' ^,^ If: $ 3 0 A^m 
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m^. mmm2 7 tmmizLx^ nmyt:^'-< k«i5^ m^mie. p 
c^^uibmi^^'^'mmom^i'mi^opm^ ^ -y vmi 9) 

TMA<£-ii}!jnUT> K-7°A 1 o . i G a o . gNjl^ 5 :^ ho-A^5 
$iir. i^t^TC PzMg^diSnUMg^l X 1 0 ^Vcm^ K-T'L/cA 1 o.i 
G a o.9NB^2 0^>i>'X h n- A©llJi:-cg£:l:$ii:/c^. C p zMg^^ 
ih26TT> K-'T'A 1 o.jG ao.sNg^^ ^>{z5:f Vi^"';^ hn-ACDMip: 

2 Omizti^.^r)i'mmV. O. e/^mlp:©, O/X^n^iJrJ' 
5 >y KM 1 9^ff^fi£f 5o 

— :^p{|ijn hM2 OO'J v?;g^®{c*5 pm®2 l^x h5 
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0 jss 4 0 5 n m(Dmm^i^m^i:i. 2 0 0 0 mrs&.±<^m^ 

^TT^LfZo ^nJiG a NS^l 0 0 lzmmX^Oii>tll^ii(D^mm LfzZ 

mmm 3 41 

S i ^1 X 1 O'^/cm^ K--:^L/fcA 1 o iG ao.9NS^2 0:^>^X h 

■it-fiz^ T> K--rG a Njl^2 0;r>^'XhD-Ai. Mg^lxlO 
^Vcmn'-T'U/rA 1 o.iGao.9NS^2 0:t>i?'X ha-Ai^^jfb. 

mmm s 5 1 

IIWJ3 3{C*>^^T. n{|ij^^ <y KS 1 4^^^$-ti:i>l^. Si^lx 

1 O^VcfflS K--:/L3^G a Nji^2 5 5i->rx hn-Ai. T> F-^A 
1 o.iG ao.9N»^2 5^>rx h n-A<i:^^j§:{::»ML. S^^MI^ 0. 

Mg^l X 1 0=^Vcni3 F-^L/cG a NJl<lr 2 5 ;t h o-Ai, T 

y F-^A 1 oiG a o.9NJi<£:2 5^>:^';^ h d - A ch^SSStC^S 
i^mUO. 6 A/m©ig^^^«it<!:-r^ftlili^Jfe^?iJ3 3 ch IrI^ LT U-tf 
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immms ei 

^SfeM3 3{w*>lNTs ntJr?^ KJil 4<^:^g^i±^^. Si^lx 
1 0*Vcm3 K-7°b^G aNa^2 5;r>^'x ho-Ai. S i^l x 1 

1 9^^^^-^^^^^ Mg^l X 1 O'^Vcm^ F-:rL//cG aNS^2 5 
:t>'r^V^-^t. Mg<£-lxl O'Vcm^ F-:7" bfc A 1 o . i G a o . 9N 

mmms ii 

X 1 0' Vcm^ V-^btiA 1 o.iG ao.gN/i^O. 6 /z m©M)?T5feg$ 
iir^o —yj. ^m^v-y YMl Mg^l x 1 0=^°/ 

cm3 K-T^b/cG a N/i^2 54-V^'7.ho-Ach, 1x1 O'^/cm^ K- 
-fi^fzA 1 o.iG ao.9Na^2 5:t>rx h a- A <h^3^S(I«® 

'^^i'^mi.fztz.h. ^»J3 3(rJtt!ibTiHit(i^^±#b^*-<|n|b< 
1 0 0 0B#F^2i±®^^^^b/Co 

mmm 3 s ] 

{5'±^— ) <hb. n#J/<-y7TSl l^^S^ii-S^C, Si^lxlO^^ 
/cm3 K-^b/cA 1 0.05G a o.flsNgS O^^^X h a-Ai. T > F- 
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[IIWJ3 9] 

mmms siriJCNT. nm^^ -y vmi A^ry Y-VG a.Nm2 0:t 

v:?'X h a-At. S i 1 x 1 0 ' ^/cm3 K — T'b/cA 1 oi G a o . 9NII 

Mnm^iS^ KSlS^Si^lxl O^Vcm^ K-yt/iG aNS2 5 
;i->rxhD-A<h, T> 1 0.05G a o-95Ng2 5;t ha 

V>m%ii-( Fjlt>. Mg^lx 1 0»Vcm3F--:/U/cGaN»2 
5;f>'^''xhD-A<!:, TV F-:/A 1 0 . 05 G a 0 . 95NS 2 5^>i^'x h 

pffiij^5 -y FSl 9^T> F-:/GaNJ12 O^ViJ^'X hn-Ach. Mg 
^1 X 1 O^Vcm^ F-:/b/rA 1 o iG ao.9Nji^2 O:^^^^ h a-A 

[^»J4 0] 

^Wj4 Oli. ^»J3 3 <hl5ia. G aNS^Kl 0 0 ^fflt^T^gSo Lj^ 

t.-r. -E-OGaNS^l 0 0 0±{IS i ^1 x 1 O'Vcm^J^i F->^ 
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i ^ K-y LjtA 1 xG ai-xN (0<X^0. 4) ij^^U^B^'l'mtV 

^fflM*. TMG. TMI. T>^— i^5>7i7-XT\ Si ^5x10 
'Vcm^ F-yU^ I no iG ao.9NJ; i^T^A^i^^ «y E5ih«<£- 5 0 0:t 

M©g^ki^^#(*. Jf*U<(iI nGaN-e55t^$-i^^:ii{rJ:«9. ^t:: 

5 AimiilTOMff-egfeS^-a-'S^ <h*W* UC^o 1 0 0:t->i/x hn-A 

ii^l^T. 1 0 5 0°CT'TMA. TMG. T>^^T. 
Si<£rlxlO'Vcm3 K-^L/cnMA 1 0.2G a 0 . sN ^ ^fl^M^ 4 
OtT^^'X ha-A<i:, T> F-:/OG a Njf^ 4 Q^ir^C^'T. ha- A© 
M]¥Tg£g$iir. CtL';>©1^3SS(l. ^n^tL 1 0 0 g-To^S U/c. 

I^^^T. T> K-T'A 1 0.05G aossNck n^J^:^'-r KS^O. 

iUTfFfflb. T>K-y©fife. nM^*iB2|^3^ K-■/bTt)^l^o ^Z:::: 
©S^G a Net A 1 G ani:)--^fl^m^=^mt't^Z. t^X^^o 

T> K--ri no.oiG ao.99NJ;<9^<i:aS'l4«^4 0 0:^>^'X 
h a - A © Mil TRJcg ^ if § o 
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^tC^Mg^l X 1 0 * Vcm« K-y U/cpMA 1 o . 2G a o .«N ck ^9 t'J: -5 
o.o.G ao.99N<i fJ^ii'S pffiij^tTy^r KS^O. 1 /im©!iJ?-CsJcS$-li-^o 

^l^TMg^l X 1 O'Vcm^ F-ybfcpMA 1 0 . 2G a 0 . sNS^ 4 
S{r«Bfi£Sb/c|g:mi?0. 8 /fmO®*&^ji:miicfc<9'^i:^P#J^-5 -y K 

^G aNJ;«9/j:^pfflij3 >^ h«^l 5 O^^i^^'X h a - A^l^mT'gJc 
:l^-li-8o 4${wl/-1fm^<^i#^. A 1 G aN^^t:m^§?mitOp#J^ 
5 y KBC^UT. ^0 K^i- •y-/Ji^wU4^-0/h$C^M'fttl¥*(*^P 
^|ijr3y^i> hjiiUTx -^(Omm^d 0 0:^>^^X hD-AliiT<h^< b 

@<h»^ i -y i^*-<^i^tiT. ^i-ommfmrn.. «E*^i£T^'S<t 
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^H^fF^S, 3 0 6.6 6 2-^{w§S^$:Ja> :*:||16^J©T — - V >^tz-z> 
^^Tt3^^®#fFm5. 3 0 6.6 6 2^{r^^$n/c^jS^ffll^Tff 9o 
^XKV y 'JmmiZ-^^^^m^b. RlElZX:^y^l^::7'^'i7l^. nm 

^ibm'hti^mm.UntVXl-i. m:^i-£N i , Pt. Pd. NI/Au. 
Pt/Au, P dXAum^mif^:it:fy<X^^o nMG aN tB^Ll^ 
yt-iyi7i)m^tl^m^UntbXltA\^Ti, W. C u. Zn, S 

O2 ct *3 7^j:S^^M<&5^g£L. ::cD|fe^]l;^^LTp«@chmMfilJ(c^^ 

-5 «y f $ ihizmt^i^mmMx i /im^^v -y^c^' i.x&m.m.m 
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atrfcl^T. SHil|-aiE^lS2. OkA/cm\ SiifiimE4. OVT. 
S[S3 6 8 nm®^g|^S:;6<iilS$n. 1 0 0 0 B#Fb^K^±©*^^^ b^^o 

immm 4 1 ] 

(Tm«3 0 2) 

OVP ESltSisrtC-fe-y h b> ^]g<&5 0 O'CflbT. 
^^7^ (TMG) . 7>^-T (NHs ) G a N cfc «9 ^C^^^ -y 7 r 

m (Sl^ii-r) ^2 0 0>j->^'X h n-AOMIST-fiJcg^ii-ao ^^-y^r 
jifi£S^> 0 5 0°CCUT. |5]D< G aNJ:<9nf^Tm® 3 0 2 

^4 Mm©lljl(l^:S^-lf So 
(^*MJ^3 0 3) 

7. h^^^T'FHm (,^§15) 2 fimOS i O2 J;*9n»:'5{^ 

M113 0 3^1 /xmommx-mm-t^o 
amitm^mwmms o 4) 
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^Jg^ 1 0 5 0°C(r UT. TMG. T>^-T<&fflCN. TVK-^^G 
aNj:0'y:'5M^I:i!^3^^l*S^3 0 4^2 0 /zm©l!iffTgJcS$-ti-So 55c 

(n{|ip<-y ^ rSS 1 1 =^nfflij3>:$7/:7 |.^) 

®^'ftt)^#{*:jl4®±{cS i ^3 X 1 0 ' Vcm3 K-yu/cG a Nck<9 

( ^ 5 -y ^ 3 12) 

TMG. TM I ( h U ^ f-^l'-r Vi?'^? A) , T>^— T^fflt^^ 
iaj^^S 0 0°CC UT I no.oeG ao.84N J; ^^T'i:^^^ -y ^E^lLSS 1 2 
^0. 1 5 MmOmiST-^S^^fSo 
Cnm^^y VMS 1 3 =iStS?S) 
J^C>T. 1 0 5 0°CTTMA, TMG. T>^— T. 
Si^lxlO'Vcm^ K-7°b/cnMA 1 o . 1 8 G a o . 84N cfc «9 5^ 1 

A^±J6. T> K-^©G aNJ:0^j:'5m2Ojl<&2 5^>^;^ ho-A 

(Drnm-^'^^^-^^o ^Lxmim+m2m+mim+m2m+ ' • • <i: 

=5> *y Kji3 1 Z^^Wc-^^^o :i©^*&^J: Onc^nffliJi^^ >y K«(iA 1 
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(n#j7fe^'^ Fg3 1 4) 

m^ti'^ Kjl3 1 4^0. 1 fJtmCDmm-V^^^'^^o 

'^IZ^ TMG. TMK T>^-T^ffllvSte^3 1 4^^:l$ii-^o 
^^MitUm^S 0 0°C{ri*3tL/T. r> K-^ I no.2G ao.sNJ;^^^: 

(D^mm=i-^wmm. (mqw) ovsi4ji^^g$ii-So 

(p^J^i- •y:/M3 1 6) 

<:):{r. i^Jg^ 1 0 5 0°C{c±{f , TMG. TMA. T>^-T. Cp2 

TcfcO K4^> >y■7"^T>;^4^■-*•<:;>c^t^. M g ^ 1 x l 0 c K 

-yb/cpSA 1 0.3G a 0.7NJ: i^T^i'l) Pdij^i- >vyS3 1 6^3 0 0:t 

(pdiJ^^V F®3 1 7) 

^l>TCp2Mg. TMA^±to. 1 0 5 0°C-C\ ^0 F^^-^- -y":^^* 
;l/¥-*-<pffliJ^+ -y 7'«3 1 6J:0^/h$C^. T > F-^G a Net *9 ^ji-B 
pffliJ^fe^M F)i3 17^0. 1 umCDmmxt^&^'^^o 
( P ^ -y FS 3 1 8 ) 

M^/^T. 1 0 5 0°CTMg^l X 1 0 'Vcm^ F-y b/::pMA 1 016 
^l^TTMA©;5^^±a6> T> F-:/G a N J: <9 ^.i i> H 4 2 5 ;t > 
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inm^y-^^ hM3 1 9) 

mmz^ 1 0 5 0*CT\ p#Ji>^ -y K»3 1 8©±{r. Mg^2 X 1 0 
^Vcm^ K~:7'U/cPSG aNckOnC'SpffliJn^^^ hJi 318^150 

«:±jiOpM=i >^ ^ hiiS 1 8i. pffiiJi^^ «y K®3 1 7 <!:^-3^<v^> 

t^^C U «y i^^BflvXi^^BfifeUs R I E{ZT^-y^y^"^?Tt^. n#J 
^■^'>y 7 rSS 1 1 O^B^^db^iirSo 

^{::ptJ=i>^^ hliS 1 9®'J «y>^«^®CN iiAu.fc'^nj'Spm 
^3 2 O^X h^-r-rt^tl^fiJcL. T i <i:A 1 ^^fl^ nm^S 2 

2^^iiizm\ii-^-^fznm^<y y tM^ 1 1 (ommizx h'y^^mzm^ 
Ltz'ik. mQiZTT^ir J: oizpmms 2 0 nmms 2 2 tcomizmthi^ 
fzm^t^^mwmc^mmiz s i o 2 ct o ti^ii&mm 323 v. z.cd 
mums 2 s^tffLxumms 2 0 tmm^izmmLtzT)^<y vm^s 2 
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Appl. Phys. Vol. 36 (1997) Jr^^ Ufc t)CD{rlfc^ LT . ISffi:^»nO% 
;i^±fiTL. ^^{i5 0%Ji>l±lS]±U/Zo 
[IIWJ4 2] 

IISfe^J4 1 {l*>l^T. n{|ij^5 .y K«3 1 3^g£S^'l^'5I^C. Si K 
-T'nMA 1 0.20G ao.8oN2 5^>i?'x hn-A,t> T> K-T'G aN 

CIIWJ4 3] 

^»J4 1Cfcl^T. nffiij^^ -y KS3 1 3^g£S$-li-^^(^> Si K 
-T'nMA 1 0.20G ao.8oN2 S^T^i^'X hn-Ach. Tr/K-T'G aN 
2 5^>^'X Yut^mmX^. mmW-^. l /zm©iSt&?J:*9^j:^n#J^ 
^•y K13 1 3^g£S^-ti-^flfe«S|Hl1tCUTL/— !f^^^{^SIL:^o nffiij 
^5 -y KUliA 1 0%-C-^)5Ot:\ ^©J^JSirOfflli 7 . 
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mmm4 4} 

^JfeM4 1 trfcl^T. n#Ji?^ «y Kjl3 1 3^fi£S$ii:^^(C. Si K 
-rnMA 1 0.1 zG a o.saN 2 5^>^'X hD-Act^ T> K->^G a N 

Kg 3 1 s ^^^-^'^^mi.mmi^Lx u—^m=^^r^wiVfzo nm 

8V$)^o C©P-if^?{iJpn. J. Appl. Phys. Vol. 36 (1997){C^^ 

^J£M4 1 {C4ol^T. nm^^ y h^mSl 8^^&^-^^mJ^. Si K 
-■7°nMA 1 0.07 G a o.93N«2 5 V^^^'X h n - A T> F-:7-G a 
NS2 h a-Ach^. ^mmi. 4 umXJimMi^-^^mtWim 

{CUT. l/-- tf^^^f^^b^o nffiiji^^ «y FSti. A 1 ^l^*lgS<:*^ 3 . 

5%x$3^<Dx\ ^0:>mmt(Dmit4. 9x$>^o ^(Du—^m^i-i^M 

l^xmm.VXl.^^<DX'^ m.tlt^^^^^XB:<-t^Z t:^<X^^o 

ir^ztitmm^tixi^tzi!)\ m^m^W:t^\ m^i^i^^y vmmitm— 
(omit^^mi^mx'mjiSi-^tixi^^cDijm-^x^'^fzo u^-u. 
mit^^^mi^m'?-x'i-i.Mi^t^^i3<iiim't^xotim^'^-t^m^^m^^ 
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mit^^mi^m=Pi^^tn-£. LED. LD^©^7fe^^(i^■&5^oc i> 
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1. ixit2i^±(omitm^^mwmi)^^^i^pmmm(D^mwmi^t. 
jnt2m±(Dmit^^mi^mif)-^^fi^pmmm\(D^^mmmtcDmiz^ m 

^tLfim^TMixi-i2i::mmomit^^^mwm^o 

5. fillSA 1 ^^t?M^b«^^*<*3&^. ^AlvGai-vN {fzfz.\^^ 0< 

6. BJliBiStS^«JC*Jl,NT. fliemiOSj&^i^I nxGai-xN (O^X 
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a,-vN (o^Y^i. x=Y9to) X'mi^ti^mit^^mm^h>fi^m 

7. luiBe*S?»{i*>n^T. mJiemiO^*^5S:i nxGa,-xN (O^X 

<i) T'^$tL'SM>fi:'^^s(**^'^>n£ 0. ;&-o|iiieii2o®*^5s:A 1 yG 

a,-YN (0<Y<1) •r•^$n^M^b^^^^^**^b>^.^-5lt^I16{;iem 

13. mizmitm^mwm'^i)<^i^iz^ sis±cmio^<«y7T»<^^ 
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14. msE.m.2(Dy<yy -rMOl^'^mmmiJ^. HUlBnfliJn^^^ hJlJl 

16. mi^mim^mi^m=¥-f}^^ ^iz^ mmnmmmo^^mmim^is 

2 JbM 1 2 CD © t ^-rtL*^ 1 lit! ISS® ^-fktJ^^i^^^o 

17. BtiiBmicD®SLC>*Siiiem2®sort®fi>:i< i^— mmo 

18. SHieBl ©SS. 0^11112^2 CDSC K-y^n/c> KS©*mM^ 
n^XiipM{ri5^^•5:^*ife^i^^®^i)g;&ml^cM/j:-SIS^Ii3 7b3gl 6© 

118 



BNSDOCID: <WO 9831055A1 I > 



wo 98/31055 



PCT/JP98/00025 



tzm^m 1^19 (Dp^co 1 ^oiz^^m(omitm^^mwmTo 
21. nm^^ vm^^t^^nmmm(D^^mwmmt. vm^^yvm 

m $ ti/cMt§^BT S> 0 . ^^oIulE p #J ^ K«*-«. 1 0 0 4- > iJ^'X h 

2 4. i:^it2&.±(Dmit^^^mi^mi}^^f^^nmmm(D^mmmt 
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2 5. 1 x(i 2 i>x±(Dm^tm^mt^mi)^^fi ^ n mm.mo^^mwmm t 
2 6. H^JiBnffllJj@t&^jl^:::te^/^T. mi^mK^mitm^m^mit^ tuis 

^^b^i33^^^*:«J;0;^#C^nM^»6^!^^i^<^:^Wt■6lf3^II2 3X(i2 5 
2 7. Hui^Bl©^^l:^l^^^^*a{wfc(,^T> ftjiem 2 ©g^b^t^u^^i*® 

2 8 . SuieB 1 comit^^mwmo n M^*iB^^iJ£:&^ 1 X 1 0 ' Vcni3~ 
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